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
$%675$&7
&HOOPRWLOLW\DQGPLJUDWLRQLVDFRPSOH[PXOWLVWHSDQGPXOWLFRPSRQHQWSURFHVVLQWULQVLF
WRSURJUHVVLRQDQGPHWDVWDVLV0RWLOLW\LVGHSHQGHQWRQWKHDFWLYLW\RILQWHJULQUHFHSWRUVDQG5KR
IDPLO\ *73DVHV UHVXOWLQJ LQ WKH UHPRGHOOLQJ RI WKH DFWLQ F\WRVNHOHWRQ DQG IRUPDWLRQ RI YDULRXV
PRWLOHDFWLQEDVHGSURWUXVLRQV0HUNHOFHOOFDUFLQRPD0&& LVDQDJJUHVVLYHVNLQFDQFHUZLWKD
KLJKOLNHOLKRRGRIUHFXUUHQFHDQGPHWDVWDVLV0HUNHOFHOOSRO\RPDYLUXV0&3\9LVDVVRFLDWHGZLWK
WKH PDMRULW\ RI 0&& FDVHV DQG 0&3\9LQGXFHG WXPRXULJHQHVLV ODUJHO\ GHSHQGV RQ WKH
H[SUHVVLRQ RI WKH VPDOO WXPRXU DQWLJHQ 67 6LQFH WKH GLVFRYHU\ RI 0&3\9 D QXPEHU RI
PHFKDQLVPVKDYHEHHQVXJJHVWHGWRDFFRXQWIRUUHSOLFDWLRQDQGWXPRXULJHQHVLVEXWWRGDWHOLWWOH
LVNQRZQDERXWSRWHQWLDOOLQNVEHWZHHQ0&3\97DQWLJHQH[SUHVVLRQDQGWKHPHWDVWDWLFQDWXUHRI
0&&3UHYLRXVO\ZHKDYHGHVFULEHGWKHDFWLRQRI0&3\967RQWKHPLFURWXEXOHQHWZRUNDQGKRZ
WKLVLPSDFWVRQFHOOPRWLOLW\DQGPLJUDWLRQ+HUHZHGHPRQVWUDWHWKDW0&3\967DIIHFWVWKHDFWLQ
F\WRVNHOHWRQ WR SURPRWH WKH IRUPDWLRQ RI ILORSRGLD WKURXJK D PHFKDQLVP LQYROYLQJ WKH FDWDO\WLF
VXEXQLWRISURWHLQSKRVSKDWDVH 33&:HDOVRVKRZ WKDW0&3\967LQGXFHGFHOOPRWLOLW\ LV
GHSHQGHQW XSRQ WKH DFWLYLW\ RI 5KRIDPLO\ *73DVHV &GF DQG 5KR$ ,Q DGGLWLRQ RXU UHVXOWV
LQGLFDWHWKDWWKH0&3\96733&LQWHUDFWLRQUHVXOWVLQWKHGHSKRVSKRU\ODWLRQRIȕLQWHJULQOLNHO\
GULYLQJ WKHFHOOPRWLOLW\SDWKZD\7KHVH ILQGLQJVGHVFULEHDQRYHOPHFKDQLVPE\ZKLFKD WXPRXU
YLUXV LQGXFHV FHOO PRWLOLW\ ZKLFK PD\ XOWLPDWHO\ OHDG WR FDQFHU PHWDVWDVLV DQG SURYLGHV
RSSRUWXQLWLHVDQGVWUDWHJLHVIRUWDUJHWHGLQWHUYHQWLRQVIRUGLVVHPLQDWHG0&&

,03257$1&(
0HUNHO&HOO3RO\RPDYLUXV0&3\9LVWKHPRVWUHFHQWO\GLVFRYHUHGKXPDQWXPRXUYLUXV,W
FDXVHVWKHPDMRULW\RIFDVHVRI0HUNHOFHOOFDUFLQRPD0&&DQDJJUHVVLYHVNLQFDQFHU+RZHYHU
WKHPROHFXODUPHFKDQLVPVLPSOLFDWLQJ0&3\9HQFRGHGSURWHLQVLQFDQFHUGHYHORSPHQWDUH\HWWR
EHIXOO\HOXFLGDWHG7KLVPDQXVFULSWEXLOGVXSRQRXUSUHYLRXVREVHUYDWLRQVZKLFKGHPRQVWUDWHWKDW
WKH0&3\967DQWLJHQHQKDQFHVFHOOPRWLOLW\SURYLGLQJDSRWHQWLDO OLQNEHWZHHQ0&3\9SURWHLQ
H[SUHVVLRQDQGWKHKLJKO\PHWDVWDWLFQDWXUHRI0&&+HUHZHVKRZWKDW0&3\967UHPRGHOVWKH
DFWLQF\WRVNHOHWRQSURPRWLQJWKHIRUPDWLRQRI ILORSRGLDZKLFKLVHVVHQWLDO IRU0&3\967LQGXFHG
FHOOPRWLOLW\DQGZHDOVRLPSOLFDWHWKHDFWLYLW\RIVSHFLILF5KRIDPLO\*73DVHVFGFDQG5KR$LQ
WKHVHSURFHVVHV0RUHRYHUZHGHVFULEHDQRYHOPHFKDQLVP IRU WKHDFWLYDWLRQRI5KR*73DVHV
DQG WKH FHOO PRWLOLW\ SDWKZD\ GXH WR WKH LQWHUDFWLRQ EHWZHHQ 0&3\9 67 DQG WKH FHOOXODU
SKRVSKDWDVHFDWDO\WLFVXEXQLW33&ZKLFKOHDGVWRWKHVSHFLILFGHSKRVSKRU\ODWLRQRIȕLQWHJULQ
7KHVHILQGLQJVPD\WKHUHIRUHSURYLGHQRYHOVWUDWHJLHVIRUWKHUDSHXWLFLQWHUYHQWLRQIRUGLVVHPLQDWHG
0&& 
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,1752'8&7,21
&HOOPRWLOLW\LVDFRPSOH[PXOWLVWHSDQGPXOWLFRPSRQHQWSURFHVV7KHDFWLQF\WRVNHOHWRQ
LVDQLPSRUWDQWFRQWULEXWRUWRFHOOPRWLOLW\DQGLVUHTXLUHGIRUWKHIRUPDWLRQRIVHYHUDOW\SHVRIDFWLQ
ULFK PHPEUDQH SURWUXVLRQV  7KHVH SURWUXVLRQV FRQWDLQ DFWLQ ILODPHQWV ZKLFK SXVK WKH
PHPEUDQHIRUZDUGOHDGLQJWRPHPEUDQHGHIRUPDWLRQDQGH[WHQVLRQ$FWLQILODPHQWVDUHIRUPHGE\
WKHSRO\PHULVDWLRQRIJOREXODUPRQRPHULFDFWLQ*DFWLQ LQWRGRXEOHVWUDQGHGKHOLFDO ILODPHQWRXV
DFWLQ )DFWLQ ZKLFK LV HQKDQFHG E\ WKH DFWLYLW\ RI VHYHUDO DFWLQELQGLQJ SURWHLQV  $FWLQ
ILODPHQWVFDQDGRSWGLIIHUHQWPRUSKRORJLHVVXFKDVILORSRGLDDQG ODPHOOLSRGLDGHSHQGLQJRQWKH
QXPEHURI ILODPHQWVDQG WKH W\SHDQGQXPEHURIDFWLQELQGLQJSURWHLQV WKDWDVVRFLDWHZLWK WKHVH
ILODPHQWV)LORSRGLDDUHWKLQILQJHUOLNHVWUXFWXUHVWKDWDUHILOOHGZLWKWLJKWSDUDOOHOEXQGOHVRI)
DFWLQ7KH\KDYHEHHQGHVFULEHGDV
DQWHQQDH
RU
WHQWDFOHV
WKDWPLJUDWLQJFHOOVXVHWRSUREHWKHLU
PLFURHQYLURQPHQWWKXVVHUYLQJDVSLRQHHUVGXULQJSURWUXVLRQ,QFRQWUDVWODPHOOLSRGLDDUHWKLQ
VKHHWOLNH SURWUXVLRQV ILOOHG ZLWK D EUDQFKHG QHWZRUN RI DFWLQ ,Q ERWK FDVHV WKH IDVWJURZLQJ
EDUEHGHQGVRIDFWLQILODPHQWVDUHRULHQWDWHGWRZDUGVWKHSODVPDPHPEUDQHDQGWKHHORQJDWLRQRI
WKHVHSURWUXVLRQVSXVKHVWKHOHDGLQJHGJHIRUZDUGSURPRWLQJFHOOPLJUDWLRQ
7KLV FRPSOH[ FHOO PRWLOLW\ SURFHVV RFFXUV YLD WKH UHPRGHOOLQJ RI WKH DFWLQ F\WRVNHOHWRQ
ZKLFK LVFRQWUROOHGE\WKH5KRIDPLO\*73DVHVD ODUJHJURXSRIVLJQDOOLQJPROHFXOHV WKDWDFWDV
VLJQDO PHGLDWRUV LQ WKH PRWLOLW\ SDWKZD\ 7KH 5KRIDPLO\ *73DVHV DIIHFW ERWK WKH PLFURWXEXOH
QHWZRUNDQGWKHDFWLQF\WRVNHOHWRQ7KUHHRIWKHPRVWZLGHO\VWXGLHG5KRIDPLO\*73DVHVDUH
&GF 5DF DQG 5KR$ KDYH DOO EHHQ LPSOLFDWHG LQ WKH IRUPDWLRQ RI DFWLQ FRQWDLQLQJ SODVPD
PHPEUDQH SURWUXVLRQV &GF ZDV RULJLQDOO\ LPSOLFDWHG LQ ILORSRGLD IRUPDWLRQ  5DF LQ
ODPHOOLSRGLD IRUPDWLRQ  DQG 5KR$ LQ VWUHVV ILEUH IRUPDWLRQ  :KLOH LQ PDQ\ FDVHV WKLV
FODVVLILFDWLRQ LV VWLOO YDOLG UHFHQW UHVHDUFK KDV VKRZQ WKDW WKH IXQFWLRQV RI WKHVH 5KRIDPLO\
*73DVHV DUH LQWHUWZLQHG ZLWK FURVVWDON LQ WKH FHOO PRWLOLW\ FDVFDGH IRU H[DPSOH LQ ILORSRGLD
IRUPDWLRQ ,QDGGLWLRQ WR WKHLU LPSRUWDQW UROH LQKHDOWK\FHOOV5KRIDPLO\*73DVHVDOVRSOD\D
UROHLQFDQFHUGHYHORSPHQWDQGPHWDVWDVLV)RULQVWDQFHRYHUH[SUHVVLRQRI5KR$KDVEHHQ
REVHUYHGLQEUHDVWFRORQOXQJDQGJDVWULFFDQFHUVDPRQJVWRWKHUV
5KRIDPLO\*73DVHVDUHVLJQDOPHGLDWRUVDQGDUHFHQWUDOWRWKHFHOOPRWLOLW\SDWKZD\7KH
SDWKZD\VWDUWV KRZHYHUZLWK FHOOXODU UHFHSWRUV VXFKDV WKH WUDQVPHPEUDQH LQWHJULQ UHFHSWRUV
7KH\DUHĮȕKHWHURGLPHUVZLWKKXPDQLQWHJULQVKDYLQJW\SHVRIĮVXEXQLWVDQGW\SHVRI
ȕ VXEXQLWV DOWKRXJK VRPH W\SHV DUH IRXQG LQ VSHFLILF WLVVXHV HJ Įȕ LQ SODWHOHWV  ZKLOH
RWKHUVDUHZLGHO\H[SUHVVHGHJĮȕ  ,QWHJULQVKDYH ODUJHH[WUDFHOOXODUGRPDLQV WKDWELQG
WKHH[WUDFHOOXODUPDWUL[(&0DQGOLQNWRWKHDFWLQF\WRVNHOHWRQWKURXJKVKRUWF\WRSODVPLFWDLOV
7KHLUPDLQIXQFWLRQLVWRWUDQVPLWVLJQDOVIURPWKH(&0WRWKHFHOOLQWHULRU,QDGGLWLRQLQWHJULQVSOD\
DZHOOUHFRJQLVHGUROHLQFDQFHUSURJUHVVLRQ
&DQFHUVZLWKKLJKPHWDVWDWLFSRWHQWLDOXVHWKHFHOOPRWLOLW\SDWKZD\WRGLVVHPLQDWHIURPWKH
RULJLQDOWXPRXUWRGLVWDQWVHFRQGDU\VLWHV2QHVXFKFDQFHULV0HUNHOFHOOFDUFLQRPD0&&DUDUH
EXWDJJUHVVLYHPDOLJQDQF\RIQHXURHQGRFULQHRULJLQ WKDWSUHVHQWVDVUHGGLVKRUSXUSOLVKQRGXOHV
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
RQVXQH[SRVHGDUHDVRIVNLQ7KHQXPEHURIUHSRUWHGFDVHVRI0&&KDVWULSOHGLQWKHSDVW
\HDUVDQGULVNIDFWRUVLQFOXGHDGYDQFHGDJH89H[SRVXUHDQGLPPXQHVXSSUHVVLRQ
0&&KDVDSRRU\HDUVXUYLYDOUDWHFKDUDFWHULVHGE\ORFDOUHFXUUHQFHHDUO\VSUHDGWRORFDO
O\PSKQRGHVDQGKLJKOLNHOLKRRGRIIRUPLQJGLVWDQWPHWDVWDVHV
0HUNHOFHOOSRO\RPDYLUXV0&3\9LVDUHFHQWO\GLVFRYHUHGRQFRJHQLFYLUXVWKDWKDVEHHQ
LPSOLFDWHGDVWKHFDXVDWLYHDJHQWRI0&&LQaRIFDVHVLQWKHQRUWKKHPLVSKHUH0&3\9
LQIHFWLRQ LV DV\PSWRPDWLF DQG XELTLWRXV LQ PDQ\ SRSXODWLRQV ZLWK XS WR  KHDOWK\ DGXOWV
LQIHFWHG/LNHRWKHUSRO\RPDYLUXVHV0&3\9H[SUHVVHVWKH7DQWLJHQZKRVHVSOLFHGSURGXFWV
QDPHO\ ODUJH 7 DQWLJHQ DQG VPDOO 7 DQWLJHQ /7 DQG 67 DUH UHTXLUHG IRU YLUDO UHSOLFDWLRQ DQG
WXPRXULJHQHVLV7KHPHFKDQLVPIRU0&3\9WXPRXULJHQHVLVKDVEHHQEURDGO\HVWDEOLVKHG
  XSRQ ORVV RI LPPXQRVXUYHLOODQFH GXH WR ROG DJH RU LPPXQRVXSSUHVVLRQ WKH YLUXV FDQ
LQWHJUDWHLQWRWKHFHOOXODUJHQRPH,QWHJUDWLRQRFFXUVSULRUWRFORQDOH[SDQVLRQRIWXPRXUFHOOV
,QDGGLWLRQWRLQWHJUDWLRQDQRWKHUSUHUHTXLVLWHIRUWXPRXULJHQHVLVLVWKHWUXQFDWLRQRI0&3\9/7DV
RQO\WKHWUXQFDWHGIRUPRIWKLVSURWHLQKDVEHHQREVHUYHGLQ0&3\9SRVLWLYH0&&WXPRXUV7KLVLV
OLNHO\GXHWRWKHIDFWWKDWWUXQFDWHG0&3\9/7LVUHSOLFDWLRQGHILFLHQWDVLQWHJUDWHG0&3\9ZLWKD
UHSOLFDWLRQFRPSHWHQW0&3\9/7PD\LQLWLDWHXQOLFHQFHGUHSOLFDWLRQZKLFKZRXOGXOWLPDWHO\OHDGWR
F\WRSDWKLF FHOO GHDWK  7KH PROHFXODU PHFKDQLVPV RI WKH 0&3\9 OLIH F\FOH DQG RQFRJHQLF
SURSHUWLHVKDYHEHHQH[WHQVLYHO\UHYLHZHG
%RWK/7DQG67DUHUHTXLUHG IRU0&3\9SRVLWLYH0&&FHOOVXUYLYDODQGSUROLIHUDWLRQDQG
VL51$PHGLDWHGGHSOHWLRQRIHLWKHUOHDGVWRFHOOGHDWK7DNLQJ69DVDPRGHO0&3\9/7
ZRXOG EH H[SHFWHG WR EH WKH PDLQ YLUDO RQFRSURWHLQ GULYLQJ FHOOXODU WUDQVIRUPDWLRQ +RZHYHU LQ
FRQWUDVWWRVLPLDQYLUXV690&3\9/7FDQQRWLQLWLDWHFHOOXODUWUDQVIRUPDWLRQDOWKRXJK
LW OLNHO\ SOD\V DW OHDVW DQ DFFHVVRU\ UROH DV LW FDQ ELQG WR KRVW IDFWRUV WKDW UHJXODWH FHOOXODU
SUROLIHUDWLRQ VXFK DV WKH UHWLQREODVWRPD SURWHLQ S5E DQG +VF  &RQYHUVHO\ 0&3\9 67
DORQHFDQWUDQVIRUPURGHQWFHOOVDQGLQGXFHVHUXPIUHHSUROLIHUDWLRQRIKXPDQFHOOVLWLVWKHUHIRUH
FRQVLGHUHGWREHWKHPDLQWUDQVIRUPLQJIDFWRU+RZHYHUWKHUHKDYHEHHQFRQIOLFWLQJUHVXOWVRQ
WKHFRQWULEXWLRQRI0&3\967WR0&3\9SRVLWLYH0&&FHOOSUROLIHUDWLRQDIWHULQLWLDOWUDQVIRUPDWLRQ
  WKXV WKH UROH RI 0&3\9 67 LV QRW \HW IXOO\ XQGHUVWRRG :KDW LV NQRZQ OHDGV  WR WKH
FRQFOXVLRQ WKDW0&3\967 LVDPXOWLIXQFWLRQDOSURWHLQ ,W SURPRWHV WKHK\SHUSKRVSKRU\ODWLRQRI
(%3GHUHJXODWLQJFDSGHSHQGHQWWUDQVODWLRQLQKLELWV1)N%GHSHQGHQWJHQHWUDQVFULSWLRQ
WKURXJK1(02WDUJHWVWKHKRVWXELTXLWLQOLJDVH6&))ZEOHDGLQJWRWKHVWDELOLVDWLRQRI0&3\9
/7 DQG VHYHUDO KRVW RQFRSURWHLQV  DQG DOVR SURPRWHV WUDQVFULSWLRQDO FKDQJHV LQ JO\FRO\WLF
PHWDEROLFSDWKZD\V,PSRUWDQWO\UHFHQWVWXGLHVXVLQJDSDQHORISUHWHUPWUDQVJHQLFPLFHFR
H[SUHVVLQJ HSLGHUPLVWDUJHWHG FRH[SUHVVLRQ RI 67 DQG WKH FHOO IDWHGHWHUPLQDQW DWRQDO E+/+
WUDQVFULSWLRQ IDFWRU  $72+ OHDG WR GHYHORSPHQW RI ZLGHVSUHDG FHOOXODU DJJUHJDWHV ZLWK
KLVWRORJ\ DQG PDUNHU H[SUHVVLRQ PLPLFNLQJ KXPDQ LQWUDHSLGHUPDO 0&& VXSSRUWLQJ WKH FRQFHSW
WKDW67LVWKHPDMRU0&3\9GHULYHGRQFRJHQLFGULYHULQ0&&
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0&&KDVDKLJKO\PHWDVWDWLFSKHQRW\SHDQGFRUUHODWHVZLWKSRRU0&&VXUYLYDOUDWHV
7KLVLVDOVRVXSSRUWHGE\UHFHQWVWXGLHVVKRZLQJWKDWHQJUDIWPHQWRI0&&FHOOOLQHVLQWR6&,'PLFH
UHVXOWV LQFLUFXODWLQJ WXPRXUFHOOVDQGPHWDVWDVLV IRUPDWLRQ $OLJQHGZLWK WKLVREVHUYDWLRQ LV
WKDW ZH KDYH SUHYLRXVO\ UHSRUWHG WKDW 0&3\9 67 FDQ HQKDQFH FHOO PRWLOLW\ WKURXJK PLFURWXEXOH
GLVVRFLDWLRQ ([SUHVVLRQ RI 0&3\9 67 XSUHJXODWHV WKH OHYHOV RI VWDWKPLQ D PLFURWXEXOH
DVVRFLDWHG SURWHLQ DQG OHDGV WR PLFURWXEXOH GHVWDELOLVDWLRQ ZKLFK LV QHFHVVDU\ IRU D PLJUDWRU\
SKHQRW\SH
+HUHZHH[WHQGWKLVDQDO\VLVDQGVKRZWKDW0&3\967GULYHVFHOOPRWLOLW\E\GLVUXSWLQJWKHDFWLQ
F\WRVNHOHWRQ:HGHPRQVWUDWH WKDW0&3\967H[SUHVVLRQ LQGXFHV WKH IRUPDWLRQRI ILORSRGLDOLNH
VWUXFWXUHV WKURXJK D PHFKDQLVP GHSHQGHQW RQ WKH DFWLYLW\ RI WKH 5KRIDPLO\ *73DVHV &GF
5KR$DQG WRD OHVVHUH[WHQW5DF7KLVSURFHVV LV LQLWLDWHGE\D0&3\96733& LQWHUDFWLRQ
ZKLFKUHVXOWVLQWKHGHSKRVSKRU\ODWLRQRIȕLQWHJULQ 
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5(68/76
0&3\9 67 H[SUHVVLRQ DIIHFWV WKH OHYHOV RI DFWLQDVVRFLDWHG SURWHLQV &HOO PRWLOLW\
UHJXODWLRQ LVDFRPSOH[PXOWLVWHSSURFHVVDQ LPSRUWDQWDVSHFWRIZKLFK LV WKHUHJXODWLRQRI WKH
DFWLQF\WRVNHOHWRQDQGDVVRFLDWHGSURWHLQV:HKDYHSUHYLRXVO\XVHGD6,/$&EDVHGTXDQWLWDWLYH
SURWHRPLFV DSSURDFK   WR GHWHUPLQH DOWHUDWLRQV LQ WKH KRVW FHOO SURWHRPH XSRQ LQGXFLEOH
0&3\9 67 H[SUHVVLRQ LQ D +(.GHULYHG FHOO OLQH L67  5HVXOWV GHPRQVWUDWHG WKDW
0&3\9 67 H[SUHVVLRQ OHG WR WKH XSUHJXODWLRQ RI WKH PLFURWXEXOHDVVRFLDWHG SURWHLQ VWDWKPLQ
ZKLFK DIIHFWV PLFURWXEXOH GLVVRFLDWLRQ  0RUHRYHU UHVXOWV KLJKOLJKWHG WKDW SURWHLQV ZKLFK
UHJXODWHG WKH DFWLQ F\WRVNHOHWRQ ZHUH DOVR DOWHUHG XSRQ 0&3\9 67 H[SUHVVLRQ 7KHVH SURWHLQV
LQFOXGH &RILOLQ &RUWDFWLQ DQG $FWLQUHODWHG SURWHLQV  FRPSOH[ VXEXQLWV ZKLFK ZHUH
XSUHJXODWHGE\DQGIROGUHVSHFWLYHO\ 
7R FRQILUP LQFUHDVHG OHYHOV RI DFWLQDVVRFLDWHG SURWHLQV LGHQWLILHG E\ WKH TXDQWLWDWLYH
SURWHRPLFDSSURDFKL67FHOOVUHPDLQHGXQLQGXFHGRUZHUHLQGXFHGZLWKGR[\F\FOLQHK\FODWH
RU D 0&3\9 QHJDWLYH 0&& FHOO OLQH 0&& FHOOV WUDQVIHFWHG ZLWK (*)3 RU (*)367
,PPXQREORWWLQJ RI FHOO O\VDWHV FRQILUPHG DQ XSUHJXODWLRQ RI DFWLQDVVRFLDWHG SURWHLQV $US
FRUWDFWLQDQGFRILOLQXSRQH[SUHVVLRQRI0&3\967ERWKLQL67DQGLQ0&&FHOOV)LJ$
'HQVLWRPHWU\VKRZHGDIROGLQFUHDVHLQ$USLQERWKFHOOOLQHVDIROGLQFUHDVHLQL67FHOOV
DQGDIROGLQFUHDVHLQ0&&FHOOVRIFRUWDFWLQDQGDIROGLQFUHDVHLQL67FHOOVDQGD
IROG LQFUHDVH LQ0&&FHOOVRIFRILOLQ )LJ%&RPSDULQJ WKHVHYDOXHVDJDLQVWFRQWUROFHOOVD
VLJQLILFDQW LQFUHDVH LQDFWLQDVVRFLDWHGSURWHLQ OHYHOV LVREVHUYHG LQ0&3\967H[SUHVVLQJFHOOV
7KLV LQFUHDVH LQSURWHLQ OHYHOV SUREDEO\RFFXUVDW WKH WUDQVFULSWLRQDO OHYHO DV 57T3&5VKRZHG
VLJQLILFDQWFKDQJHVLQWKHP51$OHYHOVRI$USFRUWDFWLQRUFRILOLQXSRQ0&3\967H[SUHVVLRQLQ
L67 FHOOV )LJ & ZKLFK FRUUHODWHV ZLWK UHFHQW UHVXOWV VKRZLQJ WKDW 0&3\9 67 FDQ
G\QDPLFDOO\DOWHUWKHWUDQVFULSWRPHRIKXPDQFHOOV
7RLQYHVWLJDWHWKHGLIIHUHQWLDOH[SUHVVLRQRIDFWLQDVVRFLDWHGSURWHLQVLQWKHFRQWH[WRI0&&
PXOWLFRORXU LPPXQRFKHPLVWU\ DQDO\VLV ZDV SHUIRUPHG RQ IRUPDOLQIL[HG SDUDIILQHPEHGGHG
))3(VHFWLRQVRIWZRSULPDU\0&&WXPRXUV6HFWLRQVZHUHLQFXEDWHGZLWKFRUWDFWLQF\WRNHUDWLQ
 &. D PDUNHU ZLGHO\ XVHG WR GLVWLQJXLVK 0&& DQG D 0&3\9 /7 &0% VSHFLILF
DQWLERGLHV $Q LVRW\SHGPDWFKHG FRQWURO ZDV DOVR XVHG DV D QHJDWLYH FRQWURO 5HVXOWV VKRZ
LQFUHDVHG OHYHOVRIFRUWDFWLQH[SUHVVLRQFRLQFLGHQWZLWK&.DQG/7VWDLQLQJ LQ UHJLRQVRIERWK
WXPRXUV )LJ ' 0RUHRYHU LPPXQREORW DQDO\VLV ZDV SHUIRUPHG RQ WKH FHOOXODU O\VDWHV RI WZR
LQGHSHQGHQW0&&WXPRXUVDPSOHVFRPSDULQJSURWHLQOHYHOVDJDLQVWDQHJDWLYHFRQWUROQRQWXPRXU
FDGDYHULFVNLQVDPSOH5HVXOWVDJDLQGHPRQVWUDWHDQLQFUHDVHLQFRUWDFWLQDQG$USSURWHLQOHYHOV
LQ 0&& WXPRXU VDPSOHV FRPSDUHG WR FRQWURO )LJ ( DQG ) 1RWDEO\ KLJKHU OHYHOV RI DFWLQ
DVVRFLDWHGSURWHLQVZHUHREVHUYHGLQ0&&WXPRXUVDPSOHFRPSDUHGWR0&&WXPRXUVDPSOH
ZKLFKFRUUHODWHVZLWKKLJKHU OHYHOVRI0&3\967 LQVDPSOH)XUWKHUPRUH LPPXQREORWDQDO\VLV
ZDVDOVRSHUIRUPHGRQFHOOXODU O\VDWHVRI WKH0&3\9SRVLWLYH0&&FHOO OLQH:$*$ZKLFKZHUH
WUDQVGXFHGZLWKOHQWLYLUXVHVFRQWDLQLQJVK51$WDUJHWLQJ67RUDVFUDPEOHGFRQWURODVSUHYLRXVO\
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GHVFULEHG   5HVXOWV GHPRQVWUDWHG WKDW GHSOHWLRQ RI 0&3\9 67 OHG WR D UHGXFWLRQ LQ
FRUWDFWLQDQG$USSURWHLQOHYHOV)LJ*7RJHWKHUWKHVHUHVXOWVGHPRQVWUDWHWKDWOHYHOVRIDFWLQ
F\WRVNHOHWRQUHODWHGSURWHLQVDUHDOWHUHGXSRQ0&3\967H[SUHVVLRQDQGLQWKHFRQWH[WRI0&&
LPSOLFDWLQJ0&3\967LQLQGXFLQJFHOOPRWLOLW\DQGSRWHQWLDOO\0&&PHWDVWDVLV

0&3\9 67 H[SUHVVLRQ LQGXFHV WKH IRUPDWLRQ RI DFWLQEDVHG SURWUXVLRQV 
2EVHUYDWLRQVRIDOWHUHGDFWLQDVVRFLDWHGSURWHLQOHYHOVXSRQ0&3\967H[SUHVVLRQVXJJHVWHGWKH
SRVVLELOLW\RIDFWLQF\WRVNHOHWRQUHODWHGSKHQRW\SLFFKDQJHV7RH[DPLQHDQ\FKDQJHV LQ0&3\9
67H[SUHVVLQJ FHOOV +(. FHOOV ZHUH WUDQVIHFWHG ZLWK (*)3 RU (*)367 &HOOV ZHUH WKHQ
IL[HGDQGVWDLQHGZLWKUKRGDPLQHSKDOORLGLQDQDFWLQELQGLQJFRPSRXQGWRLQYHVWLJDWHDQ\SRVVLEOH
FKDQJHVLQWKHDFWLQF\WRVNHOHWRQ0&3\967H[SUHVVLQJ+(.FHOOVVKRZHGDQDEXQGDQFHRI
DFWLQEDVHG SURWUXVLRQV FRPSDUHG WR WKH PXFK VPRRWKHU FHOO SHULSKHU\ RI FRQWURO (*)3
H[SUHVVLQJ+(.FHOOV)LJ$6LPLODUUHVXOWVZHUHDOVRREVHUYHGLQ0&3\967H[SUHVVLQJ
0&& FHOOV VKRZLQJ DQ LQFUHDVHG QXPEHU RI ORQJHU SURWUXVLRQV DOWKRXJK WKH GLIIHUHQFH LQ
QXPEHU ZDV OHVV SURQRXQFHG ,Q DGGLWLRQ LW ZDV REVHUYHG WKDW 0&& FHOOV DSSHDUHG WR KDYH
PRUHDEXQGDQW OHYHOVRI LQWUDFHOOXODUDFWLQZKLFKPD\EHGXH WR WKH LQFUHDVH LQDFWLQDVVRFLDWHG
SURWHLQ OHYHOV XSRQ 0&3\9 67 H[SUHVVLRQ )LJ % 7R TXDQWLI\ WKH LQFUHDVH LQ DFWLQEDVHG
SURWUXVLRQVXSRQ0&3\967H[SUHVVLRQWKHSURWUXVLRQVZHUHFRXQWHGDQGWKHLUOHQJWKVPHDVXUHG
XVLQJ ,PDJH- VRIWZDUH $QDO\VLV VKRZHG DQ LQFUHDVH LQ WKH QXPEHUV DQG OHQJWK RI WKHVH DFWLQ
EDVHG SURWUXVLRQV LQ 0&3\9 67H[SUHVVLQJ +(. FHOOV )LJ & DQG DQ LQFUHDVH LQ ORQJHU
DFWLQEDVHGSURWUXVLRQVLQ0&3\967H[SUHVVLQJ0&&FHOOV)LJ'&RPSDULQJWKHDYHUDJH
OHQJWKRISURWUXVLRQV IURP WKLVDQDO\VLVDVLJQLILFDQW LQFUHDVH LQ OHQJWKZDVREVHUYHG LQ0&3\9
67H[SUHVVLQJ FHOOV 7R FRQILUP WKH DFWLQ F\WRVNHOHWRQUHODWHG SKHQRW\SLF FKDQJHV REVHUYHG LQ
+(. DQG 0&& FHOOV VLPLODU H[SHULPHQWV ZHUH SHUIRUPHG LQ SULPDU\ HSLGHUPDO
NHUDWLQRF\WHV)LJ(DQG)DQGSULPDU\KXPDQGHUPDOILEUREODVWFHOOV)LJ*DQG+5HVXOWVLQ
ERWKSULPDU\FHOOOLQHVVKRZDQLQFUHDVHLQWKHQXPEHUDQGOHQJWKRIDFWLQEDVHGSURWUXVLRQVXSRQ
0&3\9 67 H[SUHVVLRQ ,Q DGGLWLRQ LPPXQRIOXRUHVFHQFH VWXGLHV VXJJHVW DQ LQFUHDVH LQ
LQWUDFHOOXODU DFWLQ OHYHOV XSRQ 0F3\9 67 H[SUHVVLRQ 7RJHWKHU WKHVH REVHUYDWLRQV VXJJHVW WKDW
0&3\9 67 H[SUHVVLRQ OHDGV WR SKHQRW\SLF FKDQJHV LQ WKH DFWLQ F\WRVNHOHWRQ UHVXOWLQJ LQ WKH
IRUPDWLRQRIDFWLQEDVHGSURWUXVLRQV

0&3\967H[SUHVVLRQLQGXFHVWKHIRUPDWLRQRIILORSRGLD9LVXDOO\WKHWKLQILODPHQWRXV
QDWXUHRIWKHDFWLQEDVHGSURWUXVLRQVIRUPHGXSRQ0&3\967H[SUHVVLRQDSSHDUWRVXJJHVWWKDW
WKH\DUHILORSRGLD+RZHYHUWRFRQFOXVLYHO\FKDUDFWHULVHDQGFODVVLI\WKHVHSURWUXVLRQVDQXPEHU
RI DFWLQDVVRFLDWHG SURWHLQV ZHUH VFUHHQHG XVLQJ LPPXQRIOXRUHVFHQFH +(. FHOOV ZHUH FR
WUDQVIHFWHGZLWK)ODJWDJJHG0&3\9 67 67IODJ  LQ FRPELQDWLRQZLWKRQHRI WKH IROORZLQJ
*)3WDJJHGFRQVWUXFWVFRUWDFWLQ1:$63P'LDRUIDVFLQRU(*)367DQGRQHRIWKHIROORZLQJ
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P\FWDJJHG FRQVWUXFWV ,56S RU ,567. &HOOV ZHUH WKHQ IL[HG DQG VWDLQHG ZLWK UKRGDPLQH
SKDOORLGLQWRYLVXDOLVHDFWLQEDVHGVWUXFWXUHV
2ISDUWLFXODU LQWHUHVWZHUH UHVXOWVXWLOLVLQJP'LD ,QFRQWUROFHOOVP'LDZDVVHHQ WREH
GLIIXVH LQ WKH F\WRSODVP ZKLOH LQ FHOOV H[SUHVVLQJ 0&3\9 67 P'LD UHORFDOLVHG WR WKH FHOO
SHULSKHU\DQGLQWRWKHDFWLQEDVHGSURWUXVLRQV)LJ$6LPLODUUHVXOWVZHUHREVHUYHGIRU,56S
ZLWKWKLVSURWHLQEHLQJREVHUYHGWREHGLIIXVHLQWKHF\WRSODVPLQFRQWUROFHOOVEXWLWUHORFDOLVHGWR
WKHFHOOXODUSHULSKHU\DQGLQWRWKHDFWLQEDVHGSURWUXVLRQVXSRQWKHH[SUHVVLRQRI0&3\967)LJ
%1RFKDQJH LQ1:$63RU ,567.FRXOGEHREVHUYHGXSRQ0&3\967H[SUHVVLRQ GDWDQRW
VKRZQ$VERWKP'LDDQG,56SDUHDVVRFLDWHGZLWKILORSRGLDIRUPDWLRQWKLVZDVWKH
ILUVW PDUNHUDVVRFLDWHG LQGLFDWLRQ WKDW 0&3\9 67 H[SUHVVLRQ LQGXFHG ILORSRGLD IRUPDWLRQ 7R
IXUWKHUFRQILUPWKDW0&3\967 LQGXFHGWKHIRUPDWLRQRI ILORSRGLDDQDGGLWLRQDO ILORSRGLDPDUNHU
P\RVLQ;ZDVXWLOLVHGDVP\RVLQ;LVORFDOLVHGWRWKHWLSVRIILORSRGLD7RWKLVHQG+(.
FHOOVZHUHWUDQVIHFWHGZLWK(*)3RU(*)367DQGVWDLQHGIRUP\RVLQ;3XQFWDWHIRFLRIP\RVLQ;
VWDLQLQJ FDQ EH REVHUYHG DW WKH WLSV RI 0&3\9 67LQGXFHG DFWLQEDVHG SURWUXVLRQV )LJ &
7RJHWKHUWKHVHUHVXOWVFRQILUPWKDWWKHSURWUXVLRQVLQGXFHGE\0&3\967H[SUHVVLRQDUHILORSRGLD

7KH LQWHUDFWLRQ EHWZHHQ 0&3\9 67 DQG 33& LV LPSRUWDQW IRU LQGXFLQJ ILORSRGLD
IRUPDWLRQ :HKDYHSUHYLRXVO\VKRZQWKHLPSRUWDQFHRIWKHLQWHUDFWLRQEHWZHHQ0&3\967DQG
33&ZLWKUHJDUGVWR0&3\967LQGXFHGFHOOPRWLOLW\XVLQJDGHOHWLRQPXWDQWRI0&3\9WHUPHG
67ǻ 7KLV 0&3\9 67 PXWDQW DEODWHV WKH LQWHUDFWLRQ EHWZHHQ 0&3\9 67 DQG SURWHLQ
SKRVSKDWDVH $ 33$ $ȕ DQG 33&  :H WKHUHIRUH LQYHVWLJDWHG ZKHWKHU FHOOXODU
SKRVSKDWDVHV ZHUH UHTXLUHG IRU 0&3\967LQGXFHG ILORSRGLD IRUPDWLRQ)RU WKLV SXUSRVH+(.
FHOOVZHUH ILUVW WUDQVIHFWHGZLWKHLWKHU(*)3(*)367(*)35$ DSUHYLRXVO\GHVFULEHG
33$$ĮQRQELQGLQJPXWDQWRU(*)3'33$$ȕDQG33&QRQELQGLQJPXWDQW&HOOV
ZHUHWKHQIL[HGDQGVWDLQHGZLWKUKRGDPLQHSKDOORLGLQWRLGHQWLI\DFWLQEDVHGVWUXFWXUHV)LJ$
5HVXOWV VXJJHVW UHGXFHG ILORSRGLD IRUPDWLRQXSRQ WKHH[SUHVVLRQRI(*)367'VLPLODU WR
(*)3FRQWUROZKHUHDV(*)35$LQGXFHVILORSRGLDVLPLODUWR(*)3674XDQWLWDWLYHDQDO\VLVRI
ILORSRGLDFRQILUPHGWKDWZKLOHH[SUHVVLRQRIWKH0&3\967ǻGHOHWLRQPXWDQWGLGQRWLQGXFH
ILORSRGLDWKHH[SUHVVLRQRIWKH0&3\9675$PXWDQWLQGXFHGILORSRGLDIRUPDWLRQWRVLPLODUOHYHOV
DVZLOGW\SH67)LJ%+RZHYHUWKLVDQDO\VLVZDVQRWVXIILFLHQWWRGHWHUPLQHZKLFK0&3\967
SKRVSKDWDVH LQWHUDFWLRQ ZDV LPSRUWDQW LQ FHOO PRWLOLW\ DQG ILORSRGLD IRUPDWLRQ DV WKH ǻ
GHOHWLRQDIIHFWVWKHLQWHUDFWLRQRI0&3\967ZLWKERWK33$$ȕDQG33&
7KHUHIRUHWRFRQFOXVLYHO\GHWHUPLQHZKLFKFHOOXODUSKRVSKDWDVHLVUHVSRQVLEOHIRU0&3\9
67LQGXFHGFHOO PRWLOLW\ DQG ILORSRGLD IRUPDWLRQ DGGLWLRQDO DODQLQHVFDQQLQJ 0&3\9 67 PXWDQWV
ZHUHXWLOLVHGZKLFKGLVWLQJXLVK WKH LQWHUDFWLRQEHWZHHQ0&3\967DQG33$$ȕDQG33&DV
SUHYLRXVO\ FKDUDFWHULVHG  +RZHYHU WKHVH SUHYLRXV H[SHULPHQWV XWLOLVHG FR
LPPXQRSUHFLSLWDWLRQ DVVD\V RYHUH[SUHVVLQJ WDJJHG YHUVLRQV RI 33$ DQG 33& 7KHUHIRUH
KHUHLQ ZH KDYH UHSHDWHG WKH FRLPPXQRSUHFLSLWDWLRQ H[SHULPHQWV WR H[DPLQH WKH LQWHUDFWLRQ RI
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0&3\9 67*)3 PXWDQWV ZLWK HQGRJHQRXV 33$ $ȕ DQG 33& XVLQJ *)375$3 SXOOGRZQV
5HVXOWV VKRZ WKDW ZLOG W\SH (*)367 LQWHUDFWV ZLWK ERWK HQGRJHQRXV IRUPV RI 33$ $ȕ DQG
33& LQFRQWUDVW(*)3'DQG(*)367$DEODWHVERWK33$$ȕDQG33&ELQGLQJ
ZKHUHDV(*)367$RQO\GLVUXSWVWKHLQWHUDFWLRQZLWK33&)LJ&7KHUHIRUHWRGHWHUPLQH
ZKLFKFHOOXODUSKRVSKDWDVHLVUHVSRQVLEOHIRU0&3\967LQGXFHGFHOOPRWLOLW\+(.RU0&&
FHOOV ZHUH WUDQVIHFWHG ZLWK HLWKHU (*)367$ RU (*)367$ DQG FHOOV LPDJHG XVLQJ WKH
,QFX&\WH OLYHFHOO LPDJLQJV\VWHP)LJ'&HOOPRWLOLW\ZDVDQDO\VHGXVLQJ,PDJH-VRIWZDUHE\
WUDFLQJ WKH WUDFNVRI LQGLYLGXDO FHOOV DOORZLQJTXDQWLILFDWLRQRI WKHGLVWDQFH WUDYHOOHGDQG UHVXOWV
VKRZHG WKDW LQERWKFHOO OLQHVH[SUHVVLQJHLWKHU(*)367$RU(*)367$DGHFUHDVH LQ
PRWLOLW\ ZDV REVHUYHG LQ FRPSDULVRQ WR FHOOV H[SUHVVLQJ (*)367 S )LJ ' 7KLV
VXJJHVWVWKDWWKHVSHFLILFLQWHUDFWLRQRI0&3\967ZLWK33&LVUHTXLUHGIRU0&3\967LQGXFHG
FHOO PRWLOLW\ 7R FRQILUP WKH DVVRFLDWLRQ EHWZHHQ 0&3\9 67 33& FHOO PRWLOLW\ DQG ILORSRGLD
IRUPDWLRQ +(. FHOOV ZHUH WUDQVIHFWHG ZLWK (*)367$ RU (*)367$ IL[HG DQG
VWDLQHG ZLWK UKRGDPLQH SKDOORLGLQ WR REVHUYH DFWLQEDVHG VWUXFWXUHV )LJ $ 7RJHWKHU ZLWK
TXDQWLWDWLYHDQDO\VLVRI ILORSRGLD IRUPDWLRQ )LJ% UHVXOWVVKRZHGWKDWFHOOVH[SUHVVLQJ(*)3
67$DQG(*)367$VKRZHGDPDUNHGGHFUHDVHLQILORSRGLDIRUPDWLRQZKHQFRPSDUHGWR
FHOOV H[SUHVVLQJ (*)367 &RPSDULQJ WKH DYHUDJH OHQJWK RI SURWUXVLRQV IURP WKLV DQDO\VLV D
VLJQLILFDQWLQFUHDVHLQOHQJWKZDVREVHUYHGLQ0&3\967DQG5$H[SUHVVLQJFHOOVFRPSDUHGWR
(*)367'$DQGH[SUHVVLQJFHOOV7RJHWKHU WKLVVXJJHVWV WKDW33&LVUHTXLUHG
IRU0&3\967LQGXFHGILORSRGLDIRUPDWLRQ7RFRQILUPWKHVHREVHUYDWLRQVILORSRGLDIRUPDWLRQZDV
DOVR DQDO\VHG LQ WKH DEVHQFH RU SUHVHQFH RI D 33& WUDQVGRPLQDQW SKRVSKDWDVHGHDG PXWDQW
335/$QDO\VLVDQGTXDQWLILFDWLRQRIUKRGDPLQHSKDOORLGLQVWDLQHGFHOOVVKRZHGDUHGXFHG
QXPEHURI ORQJHUDFWLQEDVHGSURWUXVLRQVLQ0&3\967H[SUHVVLQJFHOOV LQWKHSUHVHQFHRI33
5/ )LJ ( DQG ) $JDLQ FRPSDULQJ WKH DYHUDJH OHQJWK RI SURWUXVLRQV IURP WKLV DQDO\VLV D
VLJQLILFDQWLQFUHDVHLQOHQJWKZDVREVHUYHGLQ0&3\967H[SUHVVLQJFHOOVDORQHFRPSDUHGWRFHOOV
H[SUHVVLQJ 335/ 7KHVH UHVXOWV FRUUHODWH ZLWK WKH GDWD JDWKHUHG IURP OLYH FHOO LPDJLQJ
H[SHULPHQWV DQG UHYHDO WKH LPSRUWDQFH RI WKH VSHFLILF LQWHUDFWLRQ RI 0&3\9 67 ZLWK 33& WR
LQGXFHFHOOPRWLOLW\DQGILORSRGLDIRUPDWLRQ

0&3\967LQGXFHGFHOOPRWLOLW\ LVGHSHQGHQWRQWKHDFWLRQRI5KRIDPLO\*73DVHV 
7KH 5KRIDPLO\ *73DVHV DUH D VXSHUIDPLO\ RI VLJQDOOLQJ PROHFXOHV VRPH RI ZKLFK KDYH EHHQ
LPSOLFDWHG LQ LQFUHDVHG FHOO PRWLOLW\ DQG PHWDVWDVLV LQ YDULRXV FDQFHUV  7KHUH LV DOVR DQ
XQGLVSXWHGUROHRIWKH5KRIDPLO\*73DVHVLQDFWLQG\QDPLFV7KHUHIRUHWRGHWHUPLQHZKHWKHU
5KRIDPLO\ *73DVHV DUH LQYROYHG LQ 0&3\9 67LQGXFHG FHOO PRWLOLW\ D VHOHFWLRQ RI ZHOO
FKDUDFWHULVHG LQKLELWRUV WDUJHWWLQJ 5KRIDPLO\ *73DVHV ZHUH XWLOLVHG DW QRQF\WRWR[LF
FRQFHQWUDWLRQV DV PHDVXUHG E\ 076 DVVD\ GDWD QRW VKRZQ 0/ D &GF5DF LQKLELWRU
16& D 5DF LQKLELWRU 5KRVLQ D 5KR$ LQKLELWRU DQG =&/ D &GF LQKLELWRU
7UHDWPHQW RI +(.GHULYHG LQGXFLEOH FHOO OLQHV L(*)3 DQG L(*)367 DORQJ VLGH
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0&& FHOOV HQDEOHG YLVXDOLVXDWLRQ RI FHOO PRWLOLW\ LQ OLYH FHOOV L(*)3 DQG L(*)367
FHOOVZHUH LQGXFHGXVLQJGR[\F\FOLQHK\FODWHZKLOH0&&FHOOVZHUH WUDQVIHFWHGZLWK(*)3RU
(*)367DQG WUHDWHGZLWKHDFK UHVSHFWLYH LQKLELWRU IRUK&HOOVZHUH WKHQ LPDJHGXVLQJ WKH
,QFX&\WHOLYHFHOOLPDJLQJV\VWHPWDNLQJDQLPDJHHYHU\PLQIRUDKSHULRG)LJ$DQG&
'LVWDQFHV WUDYHOOHG E\ LQGLYLGXDO FHOOV ZHUH WUDFNHG XVLQJ ,PDJH- VRIWZDUH 1R VLJQLILFDQW
GLIIHUHQFHVZHUHREVHUYHGDPRQJWKHDYHUDJHGLVWDQFHVWUDYHOOHGE\FRQWUROFHOOVQRWH[SUHVVLQJ
0&3\967LQERWKXQWUHDWHGDQGWUHDWHGFHOOVZLWKWKH5KRIDPLO\*73DVHLQKLELWRUV)LJ%DQG
'GHPRQVWUDWLQJWKDWWKHFRQFHQWUDWLRQVRI LQKLELWRUVZHUHQRQWR[LF,QFRQWUDVWGHFUHDVHGFHOO
PRWLOLW\XSRQWUHDWLQJ0&3\967H[SUHVVLQJFHOOVZLWKERWK&GFLQKLELWRUVDQGWKH5KR$LQKLELWRU
LVFOHDUO\DSSDUHQWSZKLOHQRVLJQLILFDQWGHFUHDVHZDVREVHUYHGZKHQFHOOVDUH WUHDWHG
ZLWK WKH 5DF LQKLELWRU )LJ % DQG ' 7KLV VXJJHVWV D UROH IRU &GF DQG 5KR$ *73DVHV LQ
IDFLOLWDWLQJ0&3\967LQGXFHGFHOOPRWLOLW\

0&3\967LQGXFHGILORSRGLDIRUPDWLRQLVGHSHQGHQWRQWKHDFWLYLW\RIWKH5KRIDPLO\
*73DVHV ,WZDVDOVRLPSRUWDQWWRGHWHUPLQHZKHWKHUWKHREVHUYHGHIIHFWRI5KRIDPLO\*73DVHV
RQ 0&3\9 67LQGXFHG FHOO PRWLOLW\ ZDV PLUURUHG LQ ILORSRGLD IRUPDWLRQ +(. FHOOV ZHUH
WUDQVIHFWHG ZLWK (*)3 RU (*)367 FHOOV DQG WUHDWHG ZLWK WKH VSHFLILF 5KRIDPLO\ *73DVH
LQKLELWRUV 0/ 16& 5KRVLQ DQG =&/ IRU  K &HOOVZHUH WKHQ IL[HG DQG VWDLQHG
ZLWK UKRGDPLQH SKDOORLGLQ WR REVHUYH DFWLQEDVHG VWUXFWXUHV )LJ $ 4XDQWLWDWLYH DQDO\VLV RI
ILORSRGLDVKRZHGDGHFUHDVHLQILORSRGLDIRUPDWLRQZKHQ0&3\967H[SUHVVLQJFHOOVZHUHWUHDWHG
ZLWK5KR*73DVHLQKLELWRUVIRU&GFDQG5KR$KRZHYHUWKH5DFLQKLELWRUVKRZHGOLWWOHHIIHFW
)LJ%&RPSDULQJWKHDYHUDJHOHQJWKRISURWUXVLRQVIURPWKLVDQDO\VLVDVLJQLILFDQWLQFUHDVHLQ
OHQJWKZDVREVHUYHGLQ0&3\967H[SUHVVLQJFHOOVFRPSDUHGWRFHOOVWUHDWHGZLWKWKH&GFDQG
5KR$LQKLELWRUV
7R IXUWKHU H[DPLQH DQ\ GLIIHUHQFHV RQ 0&3\9 67LQGXFHG ILORSRGLD IRUPDWLRQ E\ 5KR
IDPLO\ *73DVHV +(. FHOOV ZHUH FRWUDQVIHFWHG ZLWK 67)ODJ DQG 5KRIDPLO\ *73DVH
WUDQVGRPLQDQWPXWDQWVSF'1$*)3&GF71SF'1$*)35DF71RUSF'1$*)3
5KR$71)LJ&7KHVH WUDQVGRPLQDQWPXWDQWVDUH LQDFWLYHDQG LQKLELWHQGRJHQRXV&GF
5DF DQG 5KR$ DFWLYLW\  &HOOV ZHUH WKHQ IL[HG DQG VWDLQHG ZLWK UKRGDPLQH SKDOORLGLQ WR
YLVXDOLVH DFWLQEDVHG VWUXFWXUHV 4XDQWLWDWLYH DQDO\VLV RI ILORSRGLD VKRZHG D VPDOO GHFUHDVH LQ
ILORSRGLD XSRQ FRH[SUHVVLRQ RI 0&3\9 67 ZLWK WKH 5DF WUDQVGRPLQDQW PXWDQW KRZHYHU D
PDUNHG UHGXFWLRQ ZDV REVHUYHG ZKHQ FHOOV ZHUH FRWUDQVIHFWHG ZLWK HLWKHU WKH &GF RU 5KR$
WUDQVGRPLQDQWPXWDQWV FRQILUPLQJ WKHREVHUYDWLRQRI WKH OLYH FHOO LPDJLQJ GDWD )LJ '$JDLQ
FRPSDULQJWKHDYHUDJHOHQJWKRISURWUXVLRQVIURPWKLVDQDO\VLVDVLJQLILFDQWLQFUHDVHLQOHQJWKZDV
REVHUYHG LQ 0&3\9 67H[SUHVVLQJ FHOOV FRPSDUHG WR FHOOV H[SUHVVLQJ WKH &GF RU 5KR$
WUDQVGRPLQDQWPXWDQWV7KLVVXJJHVWVDGHILQLWLYHUROHIRU&GFDQG5KR$LQ0&3\967LQGXFHG
ILORSRGLD IRUPDWLRQ &RQVHTXHQWO\ ZH QH[W DLPHG WR GLUHFWO\ PHDVXUH WKH DFWLYLW\ RI &GF DQG
5KR$ LQ 0&3\9 67H[SUHVVLQJ FHOOV HPSOR\LQJ DQ DIILQLW\ SUHFLSLWDWLRQ DVVD\ WR VSHFLILFDOO\
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PHDVXUHWKHDPRXQWRI5KR$±*73RU&GF±*73IRUPV7UDQVIHFWHG(*)3RU(*)367
+(. FHOO O\VDWHV ZHUH LQFXEDWHG ZLWK HLWKHU 3$. 3%' RU 5KRWHNLQ 5%' $JDURVH EHDGV
ZKLFK VHOHFWLYHO\ ELQG WR WKH *73ERXQG EXW QRW *'3ERXQG IRUPV RI &GF DQG 5KR$
UHVSHFWLYHO\7KHDPRXQWRIDFWLYH*SURWHLQZDVWKHQGHWHFWHGE\LPPXQREORWWLQJZLWK&GFDQG
5KR$VSHFLILFDQWLERGLHV([SUHVVLRQRI0&3\967UHVXOWHGLQHOHYDWHGOHYHOVRIDFWLYHFGFDQG
5KR$ FRPSDUHG ZLWK FRQWURO FHOOV H[SUHVVLQJ *)3 DORQH )LJ ( 7RJHWKHU WKHVH GDWD IXUWKHU
LQGLFDWHWKDWWKH5KRIDPLO\*73DVHVDUHLQYROYHGLQ0&3\967LQGXFHGFHOOPRWLOLW\

7KHDFWLYLW\RI LQWHJULQVLV LPSRUWDQWIRU0&3\967LQGXFHGFHOOPRWLOLW\ +HUHLQDQG
SUHYLRXVO\ ZH UHSRUW WKH LPSRUWDQFHRI WKH0&3\96733& LQWHUDFWLRQ LQFHOOPRWLOLW\DQG
ILORSRGLDIRUPDWLRQ,QRUGHUWRXQFRYHUDSRWHQWLDOUROHRI33&LQ0&3\967LQGXFHGFHOOPRWLOLW\
L*)3DQG L*)367FHOOVZHUH WUDQVIHFWHGZLWK+$&GFRU+$5DF WKHQ LQGXFHG IRU
 K &HOO O\VDWHV ZHUH SUREHG IRU SKRVSKRU\ODWHG &GF5DF UHVLGXH 6HU  WR GHWHUPLQH LI
0&3\9 67 H[SUHVVLRQ DIIHFWV WKH SKRVSKRU\ODWLRQ VWDWXV RI 5KRIDPLO\ *73DVHV 6XUSULVLQJO\
UHVXOWVVKRZHGQRFKDQJHLQWKHSKRVSKRU\ODWLRQVWDWXVRI&GF5DF)LJ$LQGLFDWLQJWKDWWKH
0&3\9 6733& LQWHUDFWLRQ GRHV QRW DIIHFW WKH SKRVSKRU\ODWLRQ VWDWXV RI 5KRIDPLO\ *73DVHV
GLUHFWO\ 7KHUHIRUH WR XQFRYHU D SRVVLEOH WDUJHW IRU WKH 0&3\9 6733& LQWHUDFWLRQ IDFWRUV
XSVWUHDP RI WKH 5KRIDPLO\ *73DVHV ZHUH LQYHVWLJDWHG ,QWHJULQV DUH NQRZQ WR EH LPSRUWDQW LQ
YDULRXVDVSHFWVRIFHOODGKHVLRQSRODULW\DQGPRWLOLW\ZKHUHWKH\LQLWLDWHVLJQDOOLQJFDVFDGHV
DQGKDYHEHHQLPSOLFDWHGLQFDQFHUSURJUHVVLRQ0RUHRYHUWKHLUIXQFWLRQFDQEHUHJXODWHGE\
WKHLUSKRVSKRU\ODWLRQVWDWXV7KHUHIRUH0&3\967LQGXFHGFHOOPRWLOLW\ZDVDVVHVVHGXVLQJD
UDQJH RI FRQFHQWUDWLRQV RI WKH LQWHJULQ LQKLELWRU 5*'6 5*'6 LV D WHWUDSHSWLGH WKDW KDV EHHQ
VKRZQWRLQKLELWWKHELQGLQJRIOLJDQGVWRĮȕDQGĮYȕLQWHJULQVL*)3DQGL*)367
FHOOVZHUH LQGXFHGXVLQJGR[\F\FOLQHK\FODWHZKLOH0&&FHOOVZHUH WUDQVIHFWHGZLWK(*)3RU
(*)367&HOOVZHUHWKHQWUHDWHGZLWKQRQWR[LFFRQFHQWUDWLRQVRI5*'6DVPHDVXUHGE\DFHOO
YLDELOLW\076DVVD\GDWDQRWVKRZQ IRUDKSHULRGSULRUWRLPDJLQJXVLQJWKH,QFX&\WHOLIH
FHOOLPDJLQJV\VWHPE\WDNLQJDQLPDJHHYHU\PLQIRUDKSHULRG)LJ%DQG''LVWDQFHV
WUDYHOOHG E\ LQGLYLGXDO FHOOV ZHUH DQDO\VHG DQG VKRZHG GHFUHDVLQJ FHOO PRWLOLW\ ZLWK LQFUHDVLQJ
5*'6 FRQFHQWUDWLRQ )LJ & DQG ( 7KHVH UHVXOWV WKHUHIRUH VXJJHVW D UROH IRU LQWHJULQV LQ
0&3\967LQGXFHGFHOOPRWLOLW\

7KH DFWLYLW\ RI LQWHJULQV LV LPSRUWDQW WR 0&3\9 67LQGXFHG ILORSRGLD IRUPDWLRQ 7R
GHWHUPLQH ZKHWKHU LQWHJULQV KDYH DQ HVVHQWLDO UROH LQ 0&3\9 67LQGXFHG ILORSRGLD IRUPDWLRQ
+(.FHOOVZHUHWUDQVIHFWHGZLWK(*)3RU(*)367WKHQWUHDWHGZLWKȝ05*'6IRUK
&HOOVWKHQIL[HGDQGVWDLQHGZLWKUKRGDPLQHSKDOORLGLQWRYLVXDOLVHDFWLQEDVHGVWUXFWXUHV)LJ)
FRXSOHG ZLWK TXDQWLWDWLYH DQDO\VLV RI ILORSRGLD )LJ * 5HVXOWV VKRZ WKDW WUHDWPHQW RI FHOOV
H[SUHVVLQJ0&3\967ZLWK5*'6GLVSOD\IHZHUILORSRGLDFRPSDUHGWRXQWUHDWHGFHOOVH[SUHVVLQJ
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0&3\9 67 DORQH 7KHVH UHVXOWV IXUWKHU LPSOLFDWH D UROH IRU LQWHJULQV LQ 0&3\9 67LQGXFHG FHOO
PRWLOLW\

7KHȕLQWHJULQLVGHSKRVSKRU\ODWHGXSRQ0&3\967H[SUHVVLRQ ,QWHJULQDFWLYLW\FDQ
EH UHJXODWHG E\ SKRVSKRU\ODWLRQ  7KH LPSRUWDQFH RI LQWHJULQV LQ 0&3\9 67LQGXFHG FHOO
PRWLOLW\ DQG ILORSRGLD IRUPDWLRQ UHYHDOHG DERYH VXJJHVWHG D SRVVLELOLW\ WKDW LQWHJULQ
SKRVSKRU\ODWLRQ FRXOG EH DIIHFWHG E\ 0&3\9 6733& LQWHUDFWLRQ ,Q SDUWLFXODU WKH HIIHFW RI
5*'6RQ0&3\967LQGXFHGILORSRGLDIRUPDWLRQDQGFHOOPRWLOLW\VXJJHVWHGDUROHIRUĮȕDQGRU
ĮYȕ+(.FHOOVGRQRWH[SUHVVĮYȕWKXVĮDQGRUȕZHUHRILQWHUHVW0RUHVSHFLILFDOO\
ȕ SKRVSKRU\ODWLRQ VWDWXV KDV EHHQ VKRZQ WR EH UHJXODWHG DW WKH 7KU UHVLGXHV 
7KHUHIRUH LQ RUGHU WR LQYHVWLJDWH ZKHWKHU 0&3\9 67 H[SUHVVLRQ KDG DQ\ HIIHFW RQ ȕ
SKRVSKRU\ODWLRQ+(.FHOOVZHUHWUDQVIHFWHGZLWK(*)3(*)367(*)367$RU(*)3
67$&HOOO\VDWHVZHUHSUREHGIRUSKRVSKRU\ODWHGȕLQWHJULQDW7KU5HVXOWVVKRZHGD
GUDPDWLFUHGXFWLRQLQWKHSKRVSKRU\ODWLRQOHYHOVRIȕLQWHJULQDWERWKWKHVHVLWHVXSRQ0&3\967
H[SUHVVLRQ1RWDEO\ KRZHYHUSKRVSKRU\ODWLRQ OHYHOV UHPDLQXQFKDQJHGXSRQ WKHH[SUHVVLRQRI
WKH33&QRQELQGLQJPXWDQWV(*)367$DQG(*)367$ )LJ 'HQVLWRPHWU\ UHVXOWV
FRQILUPWKDWXSRQ0&3\967H[SUHVVLRQWKHSKRVSKRU\ODWLRQOHYHOVRIȕDW7KUGHFUHDVH
)LJ$,QFRQWUDVWWKLVUHGXFWLRQZDVLQKLELWHGXSRQWKHH[SUHVVLRQRIWKH33&WUDQVGRPLQDQW
PXWDQW 335/ )LJ % 7KHVH UHVXOWV VXJJHVW WKDW WKH LQWHUDFWLRQ RI 0&3\9 67 DQG 33&
OHDGV WR UHGXFHG ȕ LQWHJULQ SKRVSKRU\ODWLRQ OHYHOV DW 7KU ZKLFK LQ WXUQ OHDGV WR
GRZQVWUHDPVLJQDOOLQJWKDWXOWLPDWHO\HQKDQFHVILORSRGLDIRUPDWLRQDQGFHOOPRWLOLW\LQ0&3\967
H[SUHVVLQJFHOOV 
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',6&866,21
0&3\967LVDQRQFRJHQLFSURWHLQVXIILFLHQWWRWUDQVIRUPURGHQWFHOOVWRDQFKRUDJHDQG
FRQWDFWLQGHSHQGHQWJURZWKDQGLVDOVRFDSDEOHRILQGXFLQJVHUXPIUHHSUROLIHUDWLRQRIKXPDQFHOOV
 0RUHRYHU HSLGHUPLVWDUJHWHG FRH[SUHVVLRQ RI 67 DQG $72+ OHDGV WR GHYHORSPHQW RI
ZLGHVSUHDG FHOOXODU DJJUHJDWHV ZLWK KLVWRORJ\ DQG PDUNHU H[SUHVVLRQ PLPLFNLQJ KXPDQ
LQWUDHSLGHUPDO0&&XVLQJDSDQHORISUHWHUPWUDQVJHQLFPLFH7KLVVXSSRUWVWKHFRQFHSWWKDW67
LVWKHPDMRU0&3\9GHULYHGRQFRJHQLFGULYHULQ0&&1RWDEO\0&&KDVDKLJKO\PHWDVWDWLF
SKHQRW\SHZKLFKFRUUHODWHVZLWKSRRU0&&VXUYLYDOUDWHV:HKDYHFRQILUPHGWKHH[LVWHQFHRI
D OLQN EHWZHHQ 0&3\9 67 H[SUHVVLRQ DQG FHOO PRWLOLW\ DQG PLJUDWLRQ ERWK HVVHQWLDO IDFWRUV IRU
SULPDU\ WXPRXU GLVVHPLQDWLRQ 2XU REVHUYDWLRQ DUH VXSSRUWHG E\ UHFHQW VWXGLHV VKRZLQJ WKDW
HQJUDIWPHQWRI0&&FHOOOLQHVLQWR6&,'PLFHUHVXOWHGLQWKHDSSHDUDQFHRIFLUFXODWLQJWXPRXUFHOOV
DQGPHWDVWDVLV IRUPDWLRQZLWK H[SODQWHG WXPRXUVDOVRH[KLELWLQJDQXSUHJXODWLRQRI0&3\967
$QWLJHQH[SUHVVLRQLQDOOWXPRXUV
3URPRWLQJ PRWLOLW\ DQG PHWDVWDVLV E\ YLUXV RQFRSURWHLQV KDV EHHQ UHSRUWHG SUHYLRXVO\
+XPDQSDSLOORPDYLUXV+39((SVWHLQ%DUUYLUXV(%9(%1$DQG(%1$KHSDWLWLV%
YLUXV +%9 ; SURWHLQ DQG WKH 69 67 KDYH DOO EHHQ VKRZQ WR LQGXFH PHWDVWDVLV WKURXJK D
YDULHW\ RI PHFKDQLVPV LQFOXGLQJ GLVUXSWLRQ RI FHOOXODU DGKHVLRQ F\WRVNHOHWDO UHRUJDQLVDWLRQ DQG
JHQH H[SUHVVLRQ PRGXODWLRQ  7KH XWLOLVDWLRQ RI WKH DFWLQ F\WRVNHOHWRQ LQ PDQ\ YLUDO
SURFHVVHVLQFOXGLQJFHOOWUDQVIRUPDWLRQKDVDOVREHHQUHSRUWHGUHYLHZHGLQ,QWKLVUHSRUW
ZHVKRZWKDW0&3\967DOVRDIIHFWVWKHDFWLQF\WRVNHOHWRQ([SUHVVLRQRI0&3\967GULYHVFHOO
PRWLOLW\ LQ D PXOWLVWHS SURFHVV WKDW LQYROYHV WKH XSUHJXODWLRQ RI D QXPEHU RI DFWLQDVVRFLDWHG
SURWHLQVIRUPLQJILORSRGLDOLNHVWUXFWXUHVWKURXJKUHORFDOLVDWLRQRIILORSRGLDDVVRFLDWHGSURWHLQV
7KHLQWHUDFWLRQRI0&3\967ZLWK6HU7KUFHOOXODUSKRVSKDWDVHV33$$Į33$$ȕDQG
33&KDVEHHQZHOOGRFXPHQWHG0RUHRYHU0&3\967LQWHUDFWLRQZLWK33&VHHPVWR
EHLPSRUWDQWLQSURPRWLQJFHOOPRWLOLW\33&KDVEHHQLPSOLFDWHGLQDSRSWRVLV'1$PXWDWLRQ
DQGFHOOSUROLIHUDWLRQDVZHOODVDQXPEHURIFHOOVLJQDOOLQJSDWKZD\V,QDGGLWLRQLWKDV
EHHQ IRXQG WR EH XSUHJXODWHG LQ VRPH FDQFHUV  DQG ZH KDYH SUHYLRXVO\ UHSRUWHG LWV
LQYROYHPHQWLQGHVWDELOLVLQJWKHPLFURWXEXOHQHWZRUNWRSURPRWHFHOOPRWLOLW\+RZHYHUWKLVLV
WKH ILUVW UHSRUW RI 33& EHLQJ LPSOLFDWHG LQ DFWLQ G\QDPLFV DV 0&3\9 67LQGXFHG ILORSRGLD
IRUPDWLRQLVGHSHQGHQWXSRQWKHLQWHUDFWLRQ
:HUHSRUW WKDW WKH5KRIDPLO\*73DVHVDSSHDU WREH LQYROYHG LQ0&3\967LQGXFHGFHOO
PRWLOLW\2WKHURQFRJHQLFYLUXVHVKDYHEHHQUHSRUWHGWRDIIHFWWKH5KRIDPLO\*73DVHV7KHEHVW
NQRZQ H[DPSOH LV 69 67 ZKRVH DFWLYLW\ OHDGV WR WKH UHDUUDQJHPHQW RI ILODPHQWRXV DFWLQ
QHWZRUNV LQFOXGLQJ 5DFLQGXFHG ODPHOOLSRGLD IRUPDWLRQ &GF ILORSRGLD IRUPDWLRQ DQG ORVV RI
5KR$GHSHQGHQWVWUHVVILEUHV/HYHOVRI5DFDQG&GFDUHLQFUHDVHGLQFHOOVH[SUHVVLQJ69
67ZKLOHOHYHOVRI5KR$DUHGHFUHDVHG7KXVLWLVSRVVLEOHWKDWDVLPLODUSURFHVVLVRFFXUULQJ
LQFHOOVH[SUHVVLQJ0&3\967H[FHSWWKURXJKLQWHUDFWLRQZLWK33&LQVWHDGRI33$2XUUHVXOWV
DOVRVKRZWKDW0&3\967PRWLOLW\VHHPVWREHGHSHQGHQWRQ&GFDQG5KR$DVLV0&3\967
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LQGXFHGILORSRGLDIRUPDWLRQ,QDGGLWLRQSKRVSKRU\ODWLRQKDVEHHQUHSRUWHGWRQHJDWLYHO\UHJXODWH
WKHDFWLYLW\RI5KR$DQG WRDIIHFW WKHVLJQDOOLQJRI&GFDQG5DF +RZHYHURXU
UHVXOWVVXJJHVWWKDW0&3\96733&LQWHUDFWLRQLVQRWLQYROYHGLQPRGXODWLQJWKLVHIIHFWGLUHFWO\
)LQDOO\ZHLPSOLFDWHLQWHJULQVLQFOXGLQJȕLQ0&3\967LQGXFHGFHOOPRWLOLW\DQGILORSRGLD
IRUPDWLRQ,QWHJULQVDUHFHOOXODUUHFHSWRUVWKDWDUHNQRZQWREHLPSRUWDQWLQFHOOPRWLOLW\SDUWLFXODUO\
LQ 5KRIDPLO\ *73DVH F\FOLQJ  ,QLWLDOO\ DQ LQWHJULQ LQKLELWRU ZDV XVHG WR REVHUYH ZKHWKHU
LQWHJULQV ZHUH LPSRUWDQW LQ 0&3\9 67VSHFLILF FHOO PRWLOLW\ 5*'6 LV D WHWUDSHSWLGH IRXQG RQ
ILEURQHFWLQ ILEULQRJHQ Į DQG YRQ :LOOHEUDQG IDFWRU   DQG LQWHUDFWV ZLWK Įȕ DQG ĮYȕ
LQWHJULQV  2XU UHVXOWV LQGLFDWH WKDW ZLWK LQFUHDVLQJ FRQFHQWUDWLRQV RI 5*'6 D UHGXFWLRQ LQ
0&3\9 67LQGXFHG FHOO PRWLOLW\ LV REVHUYHG DQG WKDW 5*'6 DOVR DIIHFWV 0&3\9 67LQGXFHG
ILORSRGLDIRUPDWLRQ:HLQYHVWLJDWHGȕLQWHJULQDVLWLVH[SUHVVHGE\+(.FHOOV$QXPEHURI
VWXGLHVKDYHVKRZQWKHVLJQLILFDQFHRISKRVSKRU\ODWLRQLQWKHDFWLYLW\RILQWHJULQVLQFOXGLQJȕ
:KLOVWKHFHOOXODUSKRVSKDWDVH33$KDVEHHQVKRZQ WRGHSKRVSKRU\ODWHȕ LQWHJULQDW
7KU  RXU VWXGLHV XVLQJ WKH WUDQVGRPLQDQW 33& PXWDQW DQG VSHFLILF 0&3\9 67
PXWDQWV FOHDUO\ VKRZ D UROH IRU 33& ,QWHUHVWLQJO\ LQ WKH DEVHQFH RI 0&3\9 67 WKH 33&
WUDQVGRPLQDQW PXWDQW KDG QR LPSDFW RQ LQWHJULQ SKRVSKRU\ODWLRQ LQGLFDWLQJ WKDW 33& IXQFWLRQ
PD\EH VSHFLILFDOO\ UHGLUHFWHG LQ WKH SUHVHQFH RI 0&3\9 673DUDOOHOVFDQ EH IRXQG LQ WKH
UHSXUSRVLQJRINH\KRVWIDFWRUVE\YLUXVRQFRSURWHLQVIRUH[DPSOHVXEYHUVLRQRI($3DFWLYLW\E\
WKH +39 ( SURWHLQ WRXELTXLW\ ODWHFHOOXODU S2XU UHVXOWV VKRZ GHFUHDVHG 7KU
SKRVSKRU\ODWLRQ XSRQ 0&3\9 67 H[SUHVVLRQ DQG WKDW WKLV LV GHSHQGHQW RQ WKH LQWHUDFWLRQ RI
0&3\9 67 ZLWK 33& :H WKXV VXJJHVW D PHFKDQLVP ZKHUHXSRQ WKLV LQWHUDFWLRQ OHDGV WR WKH
GHSKRVSKRU\ODWLRQ RI ȕ LQWHJULQ ZKLFK LQ WXUQ DFWLYDWHV WKH FHOO PRWLOLW\ SDWKZD\ +RZHYHU ZH
FDQQRW UXOH RXW WKH LQYROYHPHQW RI HLWKHU RWKHU FKDQJHV LQ WKH SKRVSKRU\ODWLRQ VWDWXV RI IXUWKHU
LQWHJULQVRU LQGHHG WKHRWKHUȕLQWHJULQSKRVSKRU\ODWLRQVLWHV LQFOXGLQJ IRUH[DPSOH6ZKLFK
KDVEHHQLPSOLFDWHGLQFKDQJHVLQFHOOPRWLOLW\LQFKLFNHQFHOOOLQHV
2XU RYHUDOO ILQGLQJV VXJJHVW D SRVVLEOH PHFKDQLVP )LJ  ZKHUHE\ WKH LQWHUDFWLRQ RI
0&3\967ZLWK33&OHDGVWRWKHGHSKRVSKRU\ODWLRQRIRQHRUPRUHLQWHJULQVLQFOXGLQJȕ7KHVH
FKDQJHV PD\ WKHQ FRQWULEXWH WR WKH FHOO PRWLOLW\ FDVFDGH WKURXJK WKH 5KRIDPLO\ *73DVH
PRGXODWRUV OHDGLQJWR LQFUHDVHGILORSRGLDIRUPDWLRQDQGFHOOPRWLOLW\7KHVHILQGLQJVKLJKOLJKWWKH
LPSRUWDQFH RI WKH 0&3\9 6733& LQWHUDFWLRQ LQ SURPRWLQJ WKH PHWDVWDWLF SKHQRW\SH RI 0&&
7KHUHIRUH WKLV LQWHUDFWLRQPD\EHDYLDEOHGUXJ WDUJHW&XUUHQWO\ WUHDWPHQWRI0&&GHSHQGVRQ
WKHGLVHDVHVWDJHZLWKVXUJLFDOH[FLVLRQ O\PSKQRGHGLVVHFWLRQDQGDGMXYDQWUDGLRWKHUDS\EHLQJ
WKH VWDQGDUG 0HWDVWDVLVHG 0&& LV WUHDWHG ZLWK YDULRXV UHJLPHQV RI EURDGVSHFWUXP
FKHPRWKHUDS\ VXFK DV DQWKUDF\FOLQHV F\FORSKRVSKDPLGH HWRSRVLGH DQG SODWLQXP GHULYDWLYHV
DORQH RU LQ FRPELQDWLRQ 2YHU KDOI RI 0&& SDWLHQWV UHVSRQG WR FKHPRWKHUDS\ EXW WKH PHGLDQ
VXUYLYDOLVPRQWKV3RWHQWLDOYLUXVUHODWHGGUXJWDUJHWVDUHEHLQJLGHQWLILHGSDUWLFXODUO\IRU
0&3\9 /7 DQG 67 7\SH , LQWHUIHURQ ,)1 UHGXFHV /7 H[SUHVVLRQ DQG LQKLELWV FHOO YLDELOLW\ LQ
0&3\9SRVLWLYH0&&FHOOOLQHVEXWKDVIDLOHGWRLQGXFHDFOLQLFDOUHVSRQVHLQSDWLHQWV,Q
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DGLWLRQ<0DQLQKLELWRURIVXUYLYLQDFHOOXODUSURWHLQXSUHJXODWHGE\0&3\9/7LPSRUWDQWIRU
WKH VXULYLYDO RI 0&3\9SRVLWLYH 0&& FHOO OLQHV KDV VKRZQ D F\WRVWDWLF HIIHFW LQ 0&& [HQRJUDIW
WXPRXUV LQPLFH )LQDOO\ WKHVPDOOPROHFXOH W\URVLQHNLQDVH LQKLELWRUSD]RSDQLE  LV
FXUUHQWO\XQGHUJRLQJSKDVH,,FOLQLFDOWULDOV7KHILHOGUHPDLQVRSHQIRUQRYHOGUXJV
,QVXPPDU\ZHGHVFULEHDQRYHOPHFKDQLVPE\ZKLFKDKXPDQWXPRXUYLUXVLQGXFHVFHOO
PRWLOLW\DQGFDQFHUPHWDVWDVLVDVVXFKLWSURYLGHVQHZRSSRUWXQLWLHVIRUWKHUDSHXWLFLQWHUYHQWLRQV
IRUGLVVHPLQDWHG0&& 
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0$7(5,$/6$1'0(7+2'6
3ODVPLGVDQGDQWLERGLHV([SUHVVLRQYHFWRUVIRU(*)367DQG(*)367ǻKDYH
EHHQ SUHYLRXVO\ GHVFULEHG   (*)3675$ (*)367$ DQG (*)367$ ZHUH
SURGXFHG XVLQJ WKH 4 VLWH GLUHFWHG PXWDJHQHVLV NLW 1HZ (QJODQG %LRODEV DFFRUGLQJ WR WKH
PDQXIDFWXUHU¶VSURWRFRODQGKDYHEHHQSUHYLRXVO\FKDUDFWHULVHG6HTXHQFHYHULILHGPXWDQWV
ZHUHFORQHG LQWR(*)3XVLQJ(FR5,DQG%DP+, UHVWULFWLRQVLWHV(*)3P'LDZDVSURYLGHGE\
6KXK 1DUXPL\D DQG SF'1$,56SP\F ZDV SURYLGHG E\ /DXUD 0DFKHVN\ 7UDQVGRPLQDQW
PXWDQWV SF'1$*)3&GF71 SF'1$*)35DF71 DQG SF'1$*)35KR$71
ZHUHSXUFKDVHG IURP$GGJHQH0&3\967WDJJLQJVK51$SODVPLGVZHUHNLQGO\SURYLGHGE\'U
0DVD6KXGD3LWWVEXUJK$QWLERGLHVIRU$USFRUWDFWLQDQGFRILOLQZHUHSXUFKDVHGIURP*HQHWH[
DQGXVHGDWGLOXWLRQWKHS&GF5DFDQWLERG\&HOO6LJQDOLQJ7HFKQRORJLHVDQGWKHSȕ
7KUDQWLERG\$EFDP0\RVLQ;NLQGO\SURYLGHGE\0LFKHOOH3HFNKDP/HHGVZHUHXVHG
DWGLOXWLRQDQWLERGLHVIRU)ODJP\FDQG+$6LJPD$OGULFKDQG*)3/LYLQJ&RORXUVZHUH
XVHGDWGLOXWLRQ$OODQWLERGLHVXVHGIRULPPXQRIOXRUHVFHQFHZHUHGLOXWHG
&KHPLFDOV5KRIDPLO\*73DVHLQKLELWRUV0/6LJPD$OGULFK16&6DQWD&UX]
%LRWHFK=&/7RFULV%LRVFLHQFHDQG5KRVLQ0HUFN0LOLSRUHZHUHXVHGDWP0P0DQG
P0LQ L*)3DQG L*)367DQGDWȝ0ȝ0DQGȝ0 LQ0&&V7KH LQWHJULQ
LQKLELWRU5*'67RFULV%LRVFLHQFHZDVXVHGDWDUDQJHRIFRQFHQWUDWLRQVVHH5HVXOWVRQERWK
GHULYHGFHOOVDQG0&&FHOOV&HOO WR[LFLW\ZDVPHDVXUHGXVLQJD076EDVHG&HOO7LWHU
$TXHRXV2QH6ROXWLRQ3UROLIHUDWLRQDVVD\3URPHJDDVSUHYLRXVO\GHVFULEHG
0DPPDOLDQFHOOFXOWXUH+(.)OLS,QFHOOOLQHZDVSXUFKDVHGIURP,QYLWURJHQL67
 L*)3 DQG L*)367 FHOO OLQHV ZHUH GHULYHG IURP +(. )OLS,QV XVLQJ
PDQXIDFWXUHU¶V SURWRFRO DV SUHYLRXVO\ GHVFULEHG  +(.V (&$&& DQG GHULYDWLYH FHOOV
ZHUHJURZQ LQZHUHPDLQWDLQHG LQ'XOEHFFR¶VPRGLILHG(DJOH¶VPHGLXP'0(0FRQWDLQLQJ
IRHWDOERYLQHVHUXP)%6DQGSHQLFLOOLQVWUHSWRP\FLQDVSUHYLRXVO\GHVFULEHG7KH
0&3\9SRVLWLYH0&&FHOOOLQHV:D*DZDVJURZQLQ530,6LJPDVXSSOHPHQWHGZLWK
)%6 0&& FHOO OLQH (&$&& ZHUH PDLQWDLQHG LQ 530,  PHGLD VXSSOHPHQWHG ZLWK 
)%6DQGSHQLFLOOLQVWUHSWRP\FLQ 3ULPDU\ QRUPDO KXPDQ HSLGHUPDO NHUDWLQRF\WHV 3URPRFHOO
ZHUHFXOWXUHGLQVHUXPIUHHNHUDWLQRF\WHPHGLD*LEFRZLWKQJPO(*)VXSSOHPHQWHG
3ULPDU\1RUPDO$GXOW'HUPDO)LEUREODVWFHOOV$7&&ZHUHFXOWXUHGXVLQJD)LEUREODVW*URZWK.LW±
6HUXP)UHH NLW $7&& 67)/$* (*)3 DQG (*)367 H[SUHVVLRQ ZDV LQGXFHG IURP L67
>@L*)3DQGL*)367FHOOVUHVSHFWLYHO\ZLWKȝJPO'R[\F\FOLQHK\FODWHIRUXSWR
KRXUV&HOOVZHUHSODWHGLQWRZHOOSODWHVDQGWUDQVIHFWLRQVURXWLQHO\XVHGȝJSODVPLG'1$DQG
/LSRIHFWDPLQH/LIH7HFKQRORJLHVRUȝJSODVPLG'1$DQGQXFOHRIHFWLRQ/RQ]DIROORZLQJ
WKHPDQXIDFWXUHU¶VLQVWUXFWLRQV
0XOWLFRORXU LPPXQRKLVWRFKHPLVWU\ )RUPDOLQIL[HGSDUDIILQHPEHGGHG))3(VHFWLRQV
IURPSULPDU\0&&WXPRXUVZHUHSXUFKDVHG IURP2ULJHQHDQGDQDO\VHGDVSUHYLRXVO\GHVFULEHG
 3ULPDU\ DQWLERGLHV ZHUH &. 'DNR GLOXWLRQ  0&3\9 /7$ &0% 6DQWD &UX]
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
%LRWHFKQRORJ\ GLOXWLRQ  DQG $QWL&RUWDFWLQ $EFDP GLOXWLRQ  $Q LVRW\SHPDWFKHG
LUUHOHYDQW DQWLERG\ ZDV XVHG DV D QHJDWLYH FRQWURO RQ VHFWLRQV RI WLVVXHV LQ SDUDOOHO D UDEELW
SRO\FORQDO LVRW\SH FRQWURO DQWLERG\ $EFDP ZDV XVHG WR PDWFK WKH FRUWDFWLQ SULPDU\ DQWLERG\
6HFWLRQV ZHUH LQFXEDWHG ZLWK DSSURSULDWH VHFRQGDU\ DQWLERGLHV ODEHOOHG ZLWK GLIIHUHQW
IOXRURFKURPHV $OH[D )OXRU  ,J*%  ,J*$ ,QYLWURJHQ DQG ,J* +/75,7& -DFNVRQ
,PPXQR5HVHDUFK$OOVOLGHVZHUHPRXQWHGZLWK,PPXQR0RXQWDQGLPDJHVZHUHFDSWXUHGZLWKD
=HLVV/60FRQIRFDOPLFURVFRSH
,PPXQRSUHFLSLWDWLRQDVVD\VDQG,PPXQREORWWLQJ&RLPPXQRSUHFLSLWDWLRQVLQDGGLWLRQ
WR VXEVHTXHQW SURWHLQ DQDO\VLV E\ 6'63$*( DQG ZHVWHUQ EORW ZHUH SHUIRUPHG DV SUHYLRXVO\
GHVFULEHG 7XPRXUDQGVNLQVDPSOHVZHUHKRPRJHQLVHG LQYROXPHVRIVXVSHQVLRQEXIIHU
01D&OP07ULV&O>S+@P0('7$DQGPJPO$(%6)SURWHDVHLQKLELWRU>5RFKH
*HUPDQ\@DVSUHYLRXVO\GHVFULEHG   ,QFRQWUDVWFHOOVZHUH O\VHG LQDPRGLILHG5,3$EXIIHU
P07ULV+&OS+P01D&O13VXSSOHPHQWHGZLWKSURWHDVHLQKLELWRUFRFNWDLO
5RFKH >@)RUSKRVSKRU\ODWLRQVWXGLHVFHOOVZHUH O\VHG LQDPRGLILHGEXIIHU 007ULV+&O
S+P01D&OP01D)P01D23%P0('7$P07D92JO\FHURO
7ULWRQ3URWHLQVZHUHVHSDUDWHGE\6'63$*(EHIRUHWUDQVIHURQWRQLWURFHOOXORVHPHPEUDQH
+\ERQG&H[WUD$PHUVKDP%LRVFLHQFHV0HPEUDQHVZHUHSUREHGZLWKWKHDSSURSULDWHSULPDU\
DQG +53FRQMXJDWHG VHFRQGDU\ DQWLERGLHV 3URWHLQV ZHUH GHWHFWHG XVLQJ (=(&/ HQKDQFHU
VROXWLRQ *HQHIORZ DV SUHYLRXVO\ GHVFULEHG >@ 'HQVLWRPHWU\ ZDV SHUIRUPHG XVLQJ ,PDJH-
VRIWZDUH
/LYH FHOO LPDJLQJ &HOO PRWLOLW\ ZDV DQDO\VHG XVLQJ DQ ,QFXF\WH NLQHWLF OLYH FHOO LPDJLQJ
V\VWHP DV GLUHFWHG E\ WKH PDQXIDFWXUHU +(. FHOOV RU L*)3L*)367 FHOOV ZHUH
VHHGHG DW D GHQVLW\ RI  FHOOV SHU ZHOO RI D  ZHOO SODWH 0&& FHOOV ZHUH VHHGHG DW D
GHQVLW\RIFHOOVSHUZHOORIDZHOOSODWH$IWHUKWKHFHOOVZHUHWUDQVIHFWHGZLWKȝJRI
'1$SHUZHOODQGRULQGXFHGXVLQJGR[\F\FOLQHK\FODWH)RUWUDQVIHFWHGFHOOVPHGLDZDVFKDQJHG
DIWHUK+(.RUGHULYDWLYHVRUK0&&,IDSSURSULDWHFHOOVZHUHWUHDWHGZLWKLQKLELWRUV
IRUKSUHLPDJLQJ,PDJLQJZDVSHUIRUPHGIRUDKSHULRGZLWKLPDJHVWDNHQHYHU\PLQXWHV
&HOOPRWLOLW\ZDVWKHQWUDFNHGDQGDQDO\VHGXVLQJ,PDJH-VRIWZDUH
,PPXQRIOXRUHVFHQFH ,PPXQRIOXRUHVFHQFHZDVFDUULHGRXWDVSUHYLRXVO\GHVFULEHG
,IDSSURSULDWH FHOOVZHUH WUHDWHGZLWK LQKLELWRUV IRUKSUHIL[LQJ&HOOVZHUHYLHZHGRQD=HLVV
/60FRQIRFDOPLFURVFRSHXQGHUDQRLOLPPHUVLRQ[REMHFWLYH OHQV ,PDJHVZHUHDQDO\VHG
XVLQJWKH/60LPDJLQJVRIWZDUH)LORSRGLDZHUHFRXQWHGXVLQJ,PDJH-VRIWZDUH
  $FWLYDWLRQ$VVD\IRU5KR$DQG&GF7KHDFWLYDWLRQRI5KR$RUFGFZDVGHWHUPLQHG
XVLQJSXOOGRZQDVVD\VIRUDFWLYDWHG5KR$RUDFWLYDWHGFGFDVSUHYLRXVO\GHVFULEHGXVLQJ
5KR$DQGFGF$FWLYDWLRQ$VVD\NLWV&HOO%LRODEVDVGLUHFWHGE\WKHPDQXIDFWXUHU¶VLQVWUXFWLRQV
)RUWKHDQDO\VLVRI5KR$DFWLYDWLRQFHOOO\VDWHVZHUHLQFXEDWHGZLWK5KRWHNLQ5%'$JDURVHEHDGV
ZKLFKKDYHDKLJKDIILQLW\ IRU*735KR$)RU WKHDQDO\VLVRI FGFDFWLYDWLRQ FHOO O\VDWHVZHUH
LQFXEDWHG ZLWK 3$. 3%' $JDURVH EHDGV ZKLFK KDYH D KLJK DIILQLW\ IRU *73FGF $IILQLW\
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SUHFLSLWDWHG DFWLYDWHG *73ERXQG 5KR$ RU FGF OHYHOV ZHUH WKHQ DQDO\VHG E\ LPPXQREORWWLQJ
XVLQJ5KR$DQGFGFVSHFLILFDQWLERGLHV
T573&5 51$ ZDV H[WUDFWHG IURP XQLQGXFHG DQG LQGXFHG L67 FHOOV XVLQJ 75,]RO
,QYLWURJHQ  51$ ZDV '1DVH WUHDWHG XVLQJ WKH $PELRQ '1DVHIUHH NLW DV SHU WKH
PDQXIDFWXUHU¶V LQVWUXFWLRQV DQG 51$ ȝJ IURP HDFK IUDFWLRQ ZDV UHYHUVH WUDQVFULEHG ZLWK
6XSHU6FULSW ,, ,QYLWURJHQ DV SHU WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV XVLQJ ROLJRG7 SULPHUV
3URPHJD QJ RI F'1$ ZDV XVHG DV WHPSODWH LQ 6HQVL0L[3OXV 6<%5 T3&5 UHDFWLRQV
4XDQWDFH DV SHU PDQXIDFWXUHU¶V LQVWUXFWLRQV XVLQJ D 5RWRU*HQH 4 SOH[ +50 3ODWIRUP
4LDJHQZLWKDVWDQGDUGVWHSPHOWSURJUDPࡈ&IRUVHFRQGV ࡈ&IRUVHFRQGV ࡈ&IRU
 VHFRQGV DV SUHYLRXVO\ GHVFULEHG  :LWK *$3'+ DV LQWHUQDO FRQWURO P51$ TXDQWLWDWLYH
DQDO\VLVZDVSHUIRUPHGXVLQJWKHFRPSDUDWLYHǻǻF7PHWKRGDVSUHYLRXVO\GHVFULEHG

$&.12:/('*(0(176 :H DUH JUDWHIXO WRPHPEHUV RI WKH :KLWHKRXVH ODERUDWRU\ IRU KHOSIXO
GLVFXVVLRQV7KHDXWKRUVZRXOGOLNHWRWKDQN0DVD6KXGD6KXK1DUXPL\D/DXUD0DFKHVN\DQG
0LFKHOOH3HFNKDPIRUH[SUHVVLRQFRQVWUXFWVDQGDQWLERG\UHDJHQWV7KHZRUNZDVIXQGHGLQSDUWV
E\ D %%65& '73 VWXGHQWVKLS %%- 05& '7* VWXGHQWVKLS  DQG 5R\DO
6RFLHW\8QLYHUVLW\5HVHDUFK)HOORZVKLSWR-08) 
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5()(5(1&(6

 &KKDEUD(6+LJJV+1 7KHPDQ\IDFHVRIDFWLQPDWFKLQJDVVHPEO\IDFWRUVZLWK
FHOOXODUVWUXFWXUHV1DW&HOO%LRO
 GRV 5HPHGLRV &* &KKDEUD ' .HNLF 0 'HGRYD ,9 7VXEDNLKDUD 0 %HUU\ '$
1RVZRUWK\ 1-  $FWLQ ELQGLQJ SURWHLQV UHJXODWLRQ RI F\WRVNHOHWDO PLFURILODPHQWV
3K\VLRO5HY
 0DWWLOD3./DSSDODLQHQ3)LORSRGLDPROHFXODUDUFKLWHFWXUHDQGFHOOXODUIXQFWLRQV
1DW5HY0RO&HOO%LRO
 +DOO$5KR*73DVHVDQGWKHDFWLQF\WRVNHOHWRQ6FLHQFH
 .UXJPDQQ 6 -RUGHQV , *HYDHUW . 'ULHVVHQV 0 9DQGHNHUFNKRYH - +DOO $ 
&GFLQGXFHVILORSRGLDE\SURPRWLQJWKHIRUPDWLRQRIDQ,56S0HQDFRPSOH[&XUU%LRO

 5LGOH\ $- 3DWHUVRQ +) -RKQVWRQ &/ 'LHNPDQQ ' +DOO $  7KH VPDOO *73
ELQGLQJSURWHLQUDFUHJXODWHVJURZWKIDFWRULQGXFHGPHPEUDQHUXIIOLQJ&HOO
 5LGOH\ $- +DOO $  7KH VPDOO *73ELQGLQJ SURWHLQ UKR UHJXODWHV WKH DVVHPEO\ RI
IRFDODGKHVLRQVDQGDFWLQVWUHVVILEHUVLQUHVSRQVHWRJURZWKIDFWRUV&HOO
 =DPXGLR0H]D + &DVWLOOR$OYDUH] $ *RQ]DOH]%RQLOOD & 0H]D ,  &URVVWDON
EHWZHHQ 5DF DQG &GF *73DVHV UHJXODWHV IRUPDWLRQ RI ILORSRGLD UHTXLUHG IRU GHQJXH
YLUXVW\SHHQWU\LQWR+0(&FHOOV-*HQ9LURO
 +DOO$7KHF\WRVNHOHWRQDQGFDQFHU&DQFHU0HWDVWDVLV5HY
 $ULDV5RPHUR /( &KHUQRII -  7DUJHWLQJ &GF LQ FDQFHU ([SHUW 2SLQ 7KHU
7DUJHWV
 5LGOH\ $- 5KR$ 5KR%DQG5KR&KDYHGLIIHUHQW UROHV LQ FDQFHU FHOOPLJUDWLRQ -
0LFURVF
 )ULW]*%UDFKHWWL&%DKOPDQQ)6FKPLGW0.DLQD%5KR*73DVHVLQKXPDQ
EUHDVWWXPRXUVH[SUHVVLRQDQGPXWDWLRQDQDO\VHVDQGFRUUHODWLRQZLWKFOLQLFDOSDUDPHWHUV
%U-&DQFHU
 )ULW]*-XVW ,.DLQD%5KR*73DVHVDUHRYHUH[SUHVVHGLQKXPDQWXPRUV,QW-
&DQFHU
 3DQ<%L)/LX1;XH<<DR;=KHQJ<)DQ'([SUHVVLRQRIVHYHQPDLQ5KR
IDPLO\PHPEHUVLQJDVWULFFDUFLQRPD%LRFKHP%LRSK\V5HV&RPPXQ
 +ROO\63/DUVRQ0.3DULVH/90XOWLSOHUROHVRILQWHJULQVLQFHOOPRWLOLW\([S&HOO
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 &RKHQ 37 3KLOS $ 9D]TXH]0DUWLQ & 3URWHLQSKRVSKDWDVHIURPREVFXULW\ WR
YLWDOIXQFWLRQV)(%6/HWW
 :DQJ%=KDR$6XQ/=KRQJ;=KRQJ-:DQJ+&DL0/L-;X</LDR-6DQJ-
&KRZGKXU\'3IHLIHU*3<HQ<;X;3URWHLQSKRVSKDWDVH33LVRYHUH[SUHVVHG
LQKXPDQEUHDVWDQGOXQJWXPRUV&HOO5HV
 (OOHUEURHN 60 :HQQHUEHUJ . %XUULGJH .  6HULQH SKRVSKRU\ODWLRQ QHJDWLYHO\
UHJXODWHV5KR$LQYLYR-%LRO&KHP
 7NDFKHQNR(6DERXUL*KRPL03HUW]2.LP&*XWLHUUH](0DFKDFHN0*URLVPDQ
$'DQXVHU**LQVEHUJ0+3URWHLQNLQDVH$JRYHUQVD5KR$5KR*',SURWUXVLRQ
UHWUDFWLRQSDFHPDNHULQPLJUDWLQJFHOOV1DW&HOO%LRO
 6FKZDU]-3URII-+DYHPHLHU$/DGZHLQ05RWWQHU.%DUODJ%3LFK$7DWJH+
-XVW , *HUKDUG 5  6HULQH SKRVSKRU\ODWLRQ RI 5DF PRGXODWHV GRZQVWUHDP
VLJQDOLQJ3/R62QHH
 +XYHQHHUV6'DQHQ(+$GKHVLRQVLJQDOLQJFURVVWDONEHWZHHQLQWHJULQV6UFDQG
5KR-&HOO6FL
 +DYHUVWLFN '0 &RZDQ -) <DPDGD .0 6DQWRUR 6$  ,QKLELWLRQ RI SODWHOHW
DGKHVLRQ WR ILEURQHFWLQ ILEULQRJHQ DQG YRQ :LOOHEUDQG IDFWRU VXEVWUDWHV E\ D V\QWKHWLF
WHWUDSHSWLGHGHULYHGIURPWKHFHOOELQGLQJGRPDLQRIILEURQHFWLQ%ORRG
 3LHUVFKEDFKHU 0' 5XRVODKWL (  &HOO DWWDFKPHQW DFWLYLW\ RI ILEURQHFWLQ FDQ EH
GXSOLFDWHGE\VPDOOV\QWKHWLFIUDJPHQWVRIWKHPROHFXOH1DWXUH
 0XOURRQH\ -3 +RQJ 7 *UDEHO /%  6HULQH  SKRVSKRU\ODWLRQ RI WKH EHWD
F\WRSODVPLFGRPDLQPRGXODWHVEHWD$LQWHJULQGHSHQGHQW IXQFWLRQV-&HOO6FL

 7DL 37 <X ( :LQTXLVW ( +DPPRQG $ 6WLWW / 7RQLWD - *LOFKULVW - 
&KHPRWKHUDS\LQQHXURHQGRFULQH0HUNHOFHOOFDUFLQRPDRIWKHVNLQFDVHVHULHVDQGUHYLHZ
RIFDVHV-&OLQ2QFRO
 :LOOPHV&$GDP&$OE09RONHUW/+RXEHQ5%HFNHU-&6FKUDPD'7\SH,
DQG,, ,)1VLQKLELW0HUNHOFHOOFDUFLQRPDYLDPRGXODWLRQRIWKH0HUNHOFHOOSRO\RPDYLUXV7
DQWLJHQV&DQFHU5HV
 %LYHU'DOOH&1JX\HQ77RX]H$6DFFRPDQL&3HQ]6&XQDW3HXOWLHU65LRX*RWWD
02+XPEHUW3&RXUVDJHW3$XELQ)8VHRILQWHUIHURQDOSKDLQWZRSDWLHQWVZLWK
0HUNHOFHOOFDUFLQRPDSRVLWLYHIRU0HUNHOFHOOSRO\RPDYLUXV$FWD2QFRO
 $URUD56KXGD0*XDVWDILHUUR$)HQJ+7RSWDQ77ROVWRY<1RUPROOH'9ROOPHU
//9RJW$'RPOLQJ$%URGVN\-/&KDQJ<0RRUH366XUYLYLQLVDWKHUDSHXWLF
WDUJHWLQPHUNHOFHOOFDUFLQRPD6FL7UDQVO0HGUD
 'UHVDQJ /5 *XDVWDILHUUR $ $URUD 5 1RUPROOH ' &KDQJ < 0RRUH 36 
5HVSRQVH RI 0HUNHO FHOO SRO\RPDYLUXVSRVLWLYH PHUNHO FHOO FDUFLQRPD [HQRJUDIWV WR D
VXUYLYLQLQKLELWRU3/R62QHH
 'DYLGV06&KDUOWRQ$1J66&KRQJ0//DXEVFKHU.'DU0+RGJH-6RRQJ5
*RK %& 5HVSRQVH WRDQRYHOPXOWLWDUJHWHG W\URVLQHNLQDVH LQKLELWRU SD]RSDQLE LQ
PHWDVWDWLF0HUNHOFHOOFDUFLQRPD-&OLQ2QFROH
 6FKXPDQQ6-DFNVRQ%5<XOH ,:KLWHKHDG6.5HYLOO&)RVWHU5:KLWHKRXVH$
 7DUJHWLQJ WKH $73GHSHQGHQW IRUPDWLRQ RI KHUSHVYLUXV ULERQXFOHRSURWHLQ SDUWLFOH
DVVHPEO\DVDQDQWLYLUDODSSURDFK1DW0LFURELRO
 *RRGZLQ'-:DOWHUV066PLWK3*7KXUDX0)LFNHQVFKHU+:KLWHKRXVH$
+HUSHVYLUXV VDLPLUL RSHQ UHDGLQJ IUDPH  5WD SURWHLQ UHDFWLYDWHV WKH O\WLF UHSOLFDWLRQ
F\FOHLQDSHUVLVWHQWO\LQIHFWHG$FHOOOLQH-RXUQDORI9LURORJ\
 :KHDW55REHUWV&:DWHUERHU76WHHOH-0DUVGHQ-6WHYHQ10%ODFNERXUQ'-
 ,QIODPPDWRU\ FHOO GLVWULEXWLRQ LQ SULPDU\ PHUNHO FHOO FDUFLQRPD &DQFHUV %DVHO

 +DOO.76WHYHQVRQ$-*RRGZLQ'-*LEVRQ3&0DUNKDP$):KLWHKRXVH$
7KH DFWLYDWLRQ GRPDLQ RI KHUSHVYLUXV VDLPLUL 5 SURWHLQ LQWHUDFWV ZLWK WKH 7$7$ELQGLQJ
SURWHLQ-RXUQDORI9LURORJ\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 6PLWK3*&ROHWWD3/0DUNKDP$):KLWHKRXVH$,QYLYRHSLVRPDOPDLQWHQDQFH
RIDKHUSHVYLUXVVDLPLULEDVHGJHQHGHOLYHU\YHFWRU*HQH7KHU
 +DOO.7*LOHV06*RRGZLQ'-&DOGHUZRRG0$0DUNKDP$):KLWHKRXVH$
&KDUDFWHUL]DWLRQ RI WKH KHUSHVYLUXV VDLPLUL 25) JHQH SURGXFW -RXUQDO RI *HQHUDO
9LURORJ\
 /LX %3 %XUULGJH .  9DY DFWLYDWHV 5DF &GF DQG 5KR$ GRZQVWUHDP IURP
JURZWKIDFWRUUHFHSWRUVEXWQRWEHWDLQWHJULQV0RO&HOO%LRO
 &DOGHUZRRG0:KLWH5(*ULIILWKV5$:KLWHKRXVH$2SHQUHDGLQJIUDPHLV
UHTXLUHGIRUKHUSHVYLUXVVDLPLUL$6HSLVRPDOSHUVLVWHQFH-*HQ9LURO
 +XJKHV '- :RRG -- -DFNVRQ %5 %DTXHUR3HUH] % :KLWHKRXVH $ 
1(''\ODWLRQ LV HVVHQWLDO IRU .DSRVL
V VDUFRPDDVVRFLDWHG KHUSHVYLUXV ODWHQF\ DQG O\WLF
UHDFWLYDWLRQDQGUHSUHVHQWVDQRYHODQWL.6+9WDUJHW3/R63DWKRJH
 -DFNVRQ%5%R\QH-51RHUHQEHUJ07D\ORU$+DXWEHUJXH*0:DOVK0-:KHDW5
%ODFNERXUQ'-:LOVRQ6$:KLWHKRXVH$$QLQWHUDFWLRQEHWZHHQ.6+925)
DQG8,)SURYLGHVP51$DGDSWRUUHGXQGDQF\LQKHUSHVYLUXVLQWURQOHVVP51$H[SRUW3/R6
3DWKRJH
 
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),*85(/(*(1'6

),*85(0&3\967H[SUHVVLRQUHVXOWVLQWKHXSUHJXODWLRQRIVHYHUDODFWLQDVVRFLDWHGSURWHLQV
$LL67FHOOVUHPDLQHGXQLQGXFHGRUZHUHLQFXEDWHGIRUKLQWKHSUHVHQFHRIGR[\F\FOLQH
K\FODWHRU LL0&&FHOOVZHUH WUDQVIHFWHGZLWKPJ(*)3RU(*)367 IRUK&HOO O\VDWHV
ZHUH WKHQ SUREHG ZLWK $US FRUWDFWLQ DQG FRILOLQVSHFLILF DQWLERGLHV *$3'+ ZDV XVHG DV D
PHDVXUH RI HTXDO ORDGLQJ WKH 7 K\EULGRPD ZDV XVHG WR FRQILUP 0&3\9 67 H[SUHVVLRQ %
'HQVLWRPHWU\TXDQWLILFDWLRQRIWKHZHVWHUQEORWVZDVFDUULHGRXWXVLQJWKH,PDJH-VRIWZDUHDQGLV
VKRZQDSHUFHQWDJHRIUHODWLYHGHQVLWRPHWU\WRWKHORDGLQJFRQWURO*$3'+Q &7RWDO51$
ZDVH[WUDFWHGIURPXQLQGXFHGRULQGXFHGL67FHOOVDIWHUKRXUVDQGUHODWLYHWUDQVFULSWOHYHOV
DQDO\VHGE\T573&5XVLQJ*$3'+DVDUHIHUHQFH)ROGLQFUHDVHZDVGHWHUPLQHGE\ǻǻF7DQG
VWDWLVWLFDOVLJQLILFDQFHDQDO\VHGXVLQJDQRQSDLUHGtWHVW'DWDIURPLQGHSHQGHQWH[SHULPHQWVLV
SUHVHQWHG DV IROG LQFUHDVH YHUVXV XQLQGXFHG FRQWURO    S ' ))3( VHFWLRQV RI WZR
SULPDU\0&&WXPRXUVZHUHVWDLQHGZLWK&.0&3\9/7DQGFRUWDFWLQVSHFLILFDQWLERGLHVRUDQ
LVRW\SH QHJDWLYH FRQWURO 6HFWLRQV ZHUH WKHQ LQFXEDWHG ZLWK $OH[D )OXRUODEHOOHG VHFRQGDU\
DQWLERGLHV DQG DQDO\VHG XVLQJ D =HLVV /60  FRQIRFDO ODVHU VFDQQLQJ PLFURVFRSH (
,PPXQREORW DQDO\VLV ZDV SHUIRUPHG RQ WKH FHOOXODU O\VDWHV RI WZR LQGHSHQGHQW 0&& WXPRXU
VDPSOHV DQG D QHJDWLYH FRQWURO QRQWXPRXU FDGDYHULF VNLQ VDPSOH XVLQJ $US DQG FRUWDFWLQ
VSHFLILF DQWLERGLHV *$3'+ ZDV XVHG DV D PHDVXUH RI HTXDO ORDGLQJ WKH 7 K\EULGRPD ZDV
XVHG WRFRQILUP0&3\967H[SUHVVLRQ )'HQVLWRPHWU\TXDQWLILFDWLRQRI WKHZHVWHUQEORWVZDV
FDUULHGRXWXVLQJWKH,PDJH-VRIWZDUHDQGLVVKRZQDSHUFHQWDJHRIUHODWLYHGHQVLWRPHWU\WRWKH
ORDGLQJFRQWURO*$3'+'DWDDQDO\VHGXVLQJWKUHHUHSOLFDWHVSHUH[SHULPHQWQ DQGVWDWLVWLFDO
DQDO\VLVXVLQJDWZRWDLOHGt-WHVWZLWKXQHTXDOYDULDQFH S*7KH0&3\9SRVLWLYH0&&
FHOO OLQH ZDV WUDQVGXFHG ZLWK OHQWLYLUXV H[SUHVVLQJ D VFUDPOHG VK51$ RU 67WDUJHWWLQJ VK51$
8SRQ67GHSOHWLRQFHOO O\VDWHVZHUHSUREHGZLWK$USDQGFRUWDFWLQVSHFLILFDQWLERGLHV*$3'+
ZDV XVHG DV D PHDVXUH RI HTXDO ORDGLQJ WKH 7 K\EULGRPD ZDV XVHG WR FRQILUP 0&3\9 67
H[SUHVVLRQ+'HQVLWRPHWU\TXDQWLILFDWLRQRIWKHZHVWHUQEORWVZDVFDUULHGRXWXVLQJWKH,PDJH-
VRIWZDUHDQGLVVKRZQDSHUFHQWDJHRIUHODWLYHGHQVLWRPHWU\WRWKHORDGLQJFRQWURO*$3'+Q 

),*85(0&3\967H[SUHVVLRQUHVXOWVLQDQLQFUHDVHLQWKHQXPEHUVDQGOHQJWKRIDFWLQEDVHG
SURWUXVLRQV $ +(.  % 0&& ( 3ULPDU\ (SLGHUPDO NHUDWLQRF\WHV * 3ULPDU\ 'HUPDO
)LEUREODVWFHOOVZHUHWUDQVIHFWHGZLWKPJRIHLWKHU(*)3RU(*)367&HOOVZHUHIL[HGDIWHU
K DQG VWDLQHG ZLWK UKRGDPLQHSKDOORLGLQ 6OLGHV ZHUH WKHQ DQDO\VHG XVLQJ D =HLVV /60 
FRQIRFDO ODVHUVFDQQLQJPLFURVFRSH & ' )DQG+7KHQXPEHUDQG OHQJWKRIDFWLQEDVHG
SURWUXVLRQV LQ HDFK FHOO OLQH ZHUH DQDO\VHG IRU  FHOOV SHU FRQGLWLRQ XVLQJ ,PDJH- VRIWZDUH
3URWUXVLRQOHQJWKLVSUHVHQWHGDVDSHUFHQWDJHRIWRWDOQXPEHURISURWUXVLRQV

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),*85(  6FUHHQLQJ RI DFWLQDVVRFLDWHG SURWHLQV VXJJHVWV 0&3\9 67 H[SUHVVLRQ LQGXFHV
ILORSRGLDIRUPDWLRQ$+(.FHOOVZHUHFRWUDQVIHFWHGZLWKPJRI(*)3P'LDDQGHPSW\
FRQWUROYHFWRURUFRWUDQVIHFWHGZLWKPJRI(*)3P'LDDQG67)ODJKODWHUFHOOVZHUHIL[HG
SHUPHDELOLVHG DQG *)3 IOXRUHVFHQFH DQDO\VHG E\ GLUHFW YLVXDOLVDWLRQ LQ DGGLWLRQ FHOOV ZHUH
VWDLQHG ZLWK UKRGDPLQHSKDOORLGLQ DQG D )ODJVSHFLILF DQWLERG\ % +(. FHOOV ZHUH FR
WUDQVIHFWHG ZLWK  PJ RI (*)3 DQG ,56SP\F RU FRWUDQVIHFWHG ZLWK  PJ RI (*)367 DQG
,56SP\FKODWHUFHOOVZHUHIL[HGSHUPHDELOLVHGDQG*)3IOXRUHVFHQFHDQDO\VHGE\GLUHFW
YLVXDOLVDWLRQLQDGGLWLRQFHOOVZHUHVWDLQHGZLWKUKRGDPLQHSKDOORLGLQDQGD0\FVSHFLILFDQWLERG\
&+(.FHOOVZHUH WUDQVIHFWHGZLWKPJRI(*)3RU(*)367K ODWHUFHOOVZHUH IL[HG
SHUPHDELOLVHG DQG *)3 IOXRUHVFHQFH DQDO\VHG E\ GLUHFW YLVXDOLVDWLRQ LQ DGGLWLRQ FHOOV ZHUH
VWDLQHG ZLWK UKRGDPLQHSKDOORLGLQ DQG D 0\RVLQ ;VSHFLILF DQWLERG\ 7KH H[SDQGHG ER[ VKRZV
P\RVLQ;VWDLQLQJDWWKHWLSVRIILORSRGLD$OOVOLGHVZHUHDQDO\VHGXVLQJD=HLVV/60FRQIRFDO
ODVHUVFDQQLQJPLFURVFRSH

),*85(  0&3\967 LQWHUDFWLRQZLWKFHOOXODUSKRVSKDWDVHV LV UHTXLUHG IRU  ILORSRGLD IRUPDWLRQ
$+(.FHOOVZHUH WUDQVIHFWHGZLWKPJ(*)3(*)367(*)35$(*)367ǻ
(*)367$RU(*)367$K ODWHUFHOOVZHUH IL[HGDQG*)3IOXRUHVFHQFHDQDO\VHGE\
GLUHFW YLVXDOLVDWLRQ LQ DGGLWLRQ FHOOV ZHUH VWDLQHG ZLWK UKRGDPLQHSKDOORLGLQ $OO VOLGHV ZHUH
DQDO\VHGXVLQJD=HLVV/60FRQIRFDOODVHUVFDQQLQJPLFURVFRSH%7KHQXPEHUDQGOHQJWK
RI DFWLQEDVHG SURWUXVLRQV ZHUH DQDO\VHG IRU  FHOOV SHU FRQGLWLRQ XVLQJ ,PDJH- VRIWZDUH
3URWUXVLRQOHQJWKLVSUHVHQWHGDVDSHUFHQWDJHRIWRWDOQXPEHURISURWUXVLRQV &+(.FHOOV
ZHUH WUDQVIHFWHG ZLWK  PJ RI (*)3 (*)367 (*)367ǻ (*)367$ RU (*)3
67$K ODWHU FHOO O\VDWHVZHUH LQFXEDWHG IRU HLWKHU*)375$3DJDURVHEHDGV3XOOGRZQV
ZHUH WKHQ LPPXQREORWWHG ZLWK 33$ $ȕ DQG 33&VSHFLILF DQWLERGLHV $ *)3VSHFLILF DQWLERG\
ZDVXVHGWRFRQILUPWKHH[SUHVVLRQRIWKH(*)3WDJJHG0&3\967FRQVWUXFWV'+(.FHOOV
RU0&&FHOOVZHUH WUDQVIHFWHGZLWKPJ(*)3(*)367(*)367$RU(*)367$
$IWHUK FHOOPRWLOLW\ZDVDQDO\VHGXVLQJDQ ,QFXF\WHNLQHWLF OLYHFHOO LPDJLQJV\VWHP ,PDJHV
ZHUH WDNHQ IRU  PLQXWHV IRU D  KRXU SHULRG 0RYHPHQW LV UHSUHVHQWHG DV DYHUDJH GLVWDQFH
WUDYHOOHG FRPSDUHG WR FRQWURO(*)3WUDQVIHFWHG FHOOV ZDVPHDVXUHG LQȝ0 Q SHU FRQGLWLRQ
DQGVLJQLILFDQFHZDVWHVWHGXVLQJDWDLOHG6WXGHQW¶V WWHVW S(+(.FHOOVZHUH
WUDQVIHFWHGZLWKPJRI(*)3RU(*)367LQWKHDEVHQFHRUSUHVHQFHRIWKH33&WUDQVGRPLQDQW
PXWDQW 335/  K ODWHU FHOOV ZHUH SHUPHDELOLVHG IL[HG DQG *)3 IOXRUHVFHQFH DQDO\VHG E\
GLUHFWYLVXDOLVDWLRQLQDGGLWLRQFHOOVZHUHVWDLQHGZLWKUKRGDPLQHSKDOORLGLQDQGDQ+$WDJVSHFLILF
DQWLERG\$OOVOLGHVZHUHDQDO\VHGXVLQJD=HLVV/60FRQIRFDOODVHUVFDQQLQJPLFURVFRSH)
7KHQXPEHUDQGOHQJWKRIDFWLQEDVHGSURWUXVLRQVZHUHDQDO\VHGIRUFHOOVSHUFRQGLWLRQXVLQJ
,PDJH-VRIWZDUH3URWUXVLRQOHQJWKLVSUHVHQWHGDVDSHUFHQWDJHRIWRWDOQXPEHURISURWUXVLRQV

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),*85(  /LYHFHOO LPDJLQJVKRZVDGHSHQGHQFHRI0&3\967LQGXFHGFHOOPRWLOLW\RQ&GF
DQG5KR$$L(*)3DQGL(*)367FHOOVZHUHLQGXFHGXVLQJGR[\F\FOLQHK\FODWHRU&
0&&FHOOV ZHUH WUDQVIHFWHGZLWKPJRI(*)3DQG(*)367&HOOV ZHUH WKHQ WUHDWHGZLWK
PJPO'062P0RI0/P0RI16&RU=&/RUP0RI5KRVLQ$IWHUK
FHOOPRWLOLW\ZDVDQDO\VHGXVLQJDQ,QFXF\WHNLQHWLFOLYHFHOOLPDJLQJV\VWHP,PDJHVZHUHWDNHQIRU
PLQXWHVIRUDKRXUSHULRG7KHPRYHPHQWRIFHOOVZHUHWKHQWUDFNHGXVLQJ,PDJH-VRIWZDUH
% DQG ' 7KH DYHUDJH GLVWDQFH WUDYHOOHG ZDV PHDVXUHG LQ ȝP Q  SHU FRQGLWLRQ DQG
VLJQLILFDQFHZDVWHVWHGXVLQJDWDLOHG6WXGHQW¶VWWHVW S

),*85(  0&3\9 67LQGXFHG ILORSRGLD IRUPDWLRQ LV GHSHQGHQW RQ WKH DFWLYLW\ RI 5KRIDPLO\
*73DVHV $ +(. FHOOV ZHUH WUDQVIHFWHGZLWK PJ (*)3 RU (*)367 DQG WUHDWHG ZLWK 
PJPO'062P0RI0/P0RI16&RU=&/RUP0RI5KRVLQK$IWHU
K FHOOV ZHUH IL[HG DQG *)3 IOXRUHVFHQFH DQDO\VHG E\ GLUHFW YLVXDOLVDWLRQ LQ DGGLWLRQ FHOOV ZHUH
VWDLQHGZLWKUKRGDPLQHSKDOORLGLQ&+(.FHOOVZHUHWUDQVIHFWHGZLWKPJ(*)367RUFR
WUDQVIHFWHG ZLWK  PJ 67)ODJ DQG SF'1$*)3&GF71  SF'1$*)35DF71 RU
SF'1$*)35KR$71  KRXUV ODWHU FHOOV ZHUH IL[HG SHUPHDELOLVHG DQG VWDLQHG ZLWK
UKRGDPLQHSKDOORLGLQDQGD)ODJVSHFLILFDQWLERG\$OOVOLGHVZHUHDQDO\VHGXVLQJD=HLVV/60
FRQIRFDOODVHUVFDQQLQJPLFURVFRSH%DQG'7KHQXPEHUDQGOHQJWKRIDFWLQEDVHGSURWUXVLRQV
ZHUHDQDO\VHGIRUFHOOVSHUFRQGLWLRQXVLQJ,PDJH-VRIWZDUH3URWUXVLRQOHQJWKLVSUHVHQWHGDV
DSHUFHQWDJHRIWRWDOQXPEHURISURWUXVLRQV(+(.FHOOVZHUHWUDQVIHFWHGZLWKPJ(*)3RU
(*)367DQGDIWHUKRXUVFHOOO\VDWHVZHUHLQFXEDWHGZLWKHLWKHU3$.3%'RU5KRWHNLQ5%'
$JDURVHEHDGV3XOOGRZQVZHUHWKHQLPPXQREORWWHGZLWK&GFDQG5KR$VSHFLILFDQWLERGLHVDQG
WKH7K\EULGRPDZDVXVHGWRFRQILUP0&3\967H[SUHVVLRQ

),*85(  ,QWHJULQ LQKLELWRU 5*'6 UHGXFHV 0&3\9 67LQGXFHG FHOO PRWLOLW\ DQG ILORSRGLD
IRUPDWLRQ $ L*)3RU L*)367ZHUH WUDQVIHFWHGZLWKPJ+$&GFRU+$5DFDQG
WKHQ LQGXFHG ZLWK GR[\F\OLQH K\FODWH DQG IRU  K &HOO O\VDWHV ZHUH SUREHG IRU SKRVSKRU\ODWHG
&GF5DF DW WKH 6 UHVLGXH +$WDJ DQG *$3'+VSHFLILF DQWLERGLHV ZHUH XVHG WR PHDVXUH
HTXDOORDGLQJ7ZDVXVHGWRSUREHIRU0&3\967H[SUHVVLRQ%L(*)3DQGL(*)3
67FHOOVZHUHLQGXFHGXVLQJGR[\F\FOLQHK\FODWHRU'0&&FHOOVZHUHWUDQVIHFWHGZLWKPJRI
(*)3DQG(*)367$IWHUKRXUVFHOOVZHUHWUHDWHGZLWKPJPO'062RUP0P0P0
RUP05*'6$IWHUKFHOOPRWLOLW\ZDVDQDO\VHGXVLQJDQ,QFXF\WHNLQHWLFOLYHFHOOLPDJLQJ
V\VWHP,PDJHVZHUHWDNHQIRUPLQXWHVIRUDKRXUSHULRG7KHPRYHPHQWRIFHOOVZHUHWKHQ
WUDFNHGXVLQJ,PDJH-VRIWZDUH&DQG(7KHDYHUDJHGLVWDQFHWUDYHOOHGZDVPHDVXUHGLQȝP
Q  SHU FRQGLWLRQ DQG VLJQLILFDQFH ZDV WHVWHG XVLQJ D WDLOHG 6WXGHQW¶V WWHVW S )
+(.FHOOVZHUH WUDQVIHFWHGZLWKPJ(*)3RU(*)367 WKHQ WUHDWHGZLWKȝ05*'6
$IWHUKFHOOVZHUHIL[HGDQG*)3IOXRUHVFHQFHDQDO\VHGE\GLUHFWYLVXDOLVDWLRQLQDGGLWLRQFHOOV
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ZHUH VWDLQHG ZLWK UKRGDPLQHSKDOORLGLQ * 7KH QXPEHU DQG OHQJWK RI DFWLQEDVHG SURWUXVLRQV
ZHUHDQDO\VHGIRUFHOOVSHUFRQGLWLRQXVLQJ,PDJH-VRIWZDUH3URWUXVLRQOHQJWKLVSUHVHQWHGDV
DSHUFHQWDJHRIWRWDOQXPEHURISURWUXVLRQV

),*85(0&3\967H[SUHVVLRQUHGXFHVWKHSKRVSKRU\ODWLRQOHYHOVRIȕLQWHJULQDW7KU
UHVLGXHV $ L +(. FHOOV ZHUH WUDQVIHFWHG ZLWK  PJ (*)3 (*)367 (*)367$ RU
(*)367$$IWHUKRXUVFHOOO\VDWHVZHUHSUREHGIRUSKRVSKRU\ODWHG7KUUHVLGXHV
RIȕLQWHJULQ*$3'+ZDVXVHGWRPHDVXUHHTXDOORDGLQJ7ZDVXVHGWRSUREHIRU0&3\967
H[SUHVVLRQLL'HQVLWRPHWU\TXDQWLILFDWLRQRIWKHZHVWHUQEORWVZDVFDUULHGRXWXVLQJWKH,PDJH-
VRIWZDUHDQGLVVKRZQDSHUFHQWDJHRIUHODWLYHGHQVLWRPHWU\WRWKHORDGLQJFRQWURO*$3'+'DWD
DQDO\VHGXVLQJWKUHHUHSOLFDWHVSHUH[SHULPHQWQ DQGVWDWLVWLFDODQDO\VLVXVLQJDWZRWDLOHGt-WHVW
ZLWKXQHTXDOYDULDQFH S%L+(.FHOOVZHUHWUDQVIHFWHGZLWKPJ(*)3(*)3
67 LQ WKH DEVHQFH RU SUHVHQFH RI 33& WUDQVGRPLQDQW PXWDQW 335/ $IWHU  KRXUV FHOO
O\VDWHVZHUHSUREHGIRUSKRVSKRU\ODWHG7KUUHVLGXHVRIȕLQWHJULQ*$3'+ZDVXVHGWR
PHDVXUH HTXDO ORDGLQJ 7 ZDV XVHG WR SUREH IRU 0&3\9 67 H[SUHVVLRQ LL 'HQVLWRPHWU\
TXDQWLILFDWLRQ RI WKH ZHVWHUQ EORWV ZDV FDUULHG RXW XVLQJ WKH ,PDJH - VRIWZDUH DQG LV VKRZQ D
SHUFHQWDJH RI UHODWLYH GHQVLWRPHWU\ WR WKH ORDGLQJ FRQWURO *$3'+ 'DWD DQDO\VHG XVLQJ WKUHH
UHSOLFDWHV SHU H[SHULPHQW Q  DQG VWDWLVWLFDO DQDO\VLV XVLQJ D WZRWDLOHG t-WHVW ZLWK XQHTXDO
YDULDQFH S

)L*85(  6FKHPDWLF UHSUHVHQWDWLRQRI 0&3\967LQGXFHGFHOOPRWLOLW\7KH0&3\96733&
LQWHUDFWLRQ OHDGV WR WKH GHSKRVSKRU\ODWLRQ RI ȕ LQWHJULQ 7KLV FKDQJH LQ SKRVSKRU\ODWLRQ VWDWXV
OHDGVWRWKHLQLWLDWLRQRIWKHFHOOPRWLOLW\SDWKZD\PHGLDWHGYLDWKH5KRIDPLO\*73DVHV
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